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How Anaximander Discovered the 
Nesonoboid 


““QUICK, ANAXIMANDER, train your telescope on 
that strange creature hovering about the transmission 
tower. How it writhes and squirms! I fear disaster 
will come to the power supply line to yon great city.’’ 
‘Calm yourself, Demetrius, this powerful glass has 
never failed to envisage the minutest of animals,-—be- 
sides the power system is well protected with auxiliary 
lines. My word, what a strange object! A sea serpent 
in air. I declare, the thing has fins on its back and 
belly and a stripe along the side. No,—that’s not a 
stripe, the thing is double bodied, connected at both 
ends—double Siamese twins, what? But a serpent, I 
swear, for it has a sword at each end to fight with, both 
approaching and retreating. It weaves its body like an 
alligator, but look, it goes up and down and around in 
a circle just getting set for a dive at that tower. There, 
see it jerk. Ye Gods, what dangers await us with flying 
double-ended swordfish so bold as to attack transmission 
towers! Ah! Now I have it, Demetrius. That is the 
nesonoboid, a recently evoluted entheumasis which has 
the power to resist the passage of electricity even at 
pressures of hundreds of thousands of volts.’’ 

This strange discovery aroused the photographer’s 
instinct in Mr. Fowler and as a result we have the pic- 
ture at the head of this column of a nesonoboid, if you 
wish to dignify a high-tension insulator by giving it a 
Greek name, being installed on one of the towers that 
support 2000-ft. spans from Edgar Station. How Mr. 
Fowler uses photographs in making aerial surveys is 
described on page 636 of this issue. 
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Features of new 


320,000-kw. Extension 
at HELL GATE 
































EW OF THE major than an additional 50,000-kw. 
Fx | ore stons ms | sar ce Stan weft cs on | nit gs called for could be 
nasil . ‘ . ? 
panded as rapidly as the tine m November, 1921, with « when the 1928 extension was con- 
———— the Hell Gate Station capacity of 75,000 kw. in two turbine templated, it was decided to in- 
of the United Electric Light and units, one of 35,000 kw. and the other stall two 160,000-kw. turbines or 
Power Co. Since ground was first of 40,000 kw. capacity. These were a total of some 320,000 kw. ad- 
broken for the initial unit on large units 9 yr. ago. Last year, two ditional. a 
Hall Gate station hes been char. | CY sits were installed ot Hell Gate, | aeccrintion’ of the engineering 
snectind by almost continual ex- the combined capacity of which is 320,000 Peni of the 1928 ann 
pansion. Opening in November, kw. Some measure of the progress made however, it may be of interest to 
1921, with a capacity of 75,000 in power plant engineering is had in the describe briefly the type of equip- 
kw., followed two months later comparison of these last two units with ment installed in the station just 
wer wer ane ho (a per the forst 35,000-kw, machine. 7 to the work done in 
units totaling 75, kw., the 8. 
total capacity installed February, As may be noted from Fig. 3, 
1922, was 150,000 kw. In 1923 at that time the equipment con- 


a 35,000-kw. generating unit was added, followed by a __ sisted of 21 boilers, arranged in 7 rows of 3 boilers each, 
50,000-kw. unit in 1924 and still another 50,000-kw. and 7 turbine generator units of varying types and 
unit in 1925. This gave the station a total capacity in capacities. The latter were designated as follows: 
1926 of 285,000 kw. : Voltage 

When Hell Gate was first designed, an ultimate No.ofunit Sizeinkw. and frequency Make 
capacity of 300,000 kw. was planned for. With the size 2, 3and 5.... 35,000 kw. 11,400 v., 25 cycles General Elec. Co. 
and types of turbines then available, this was believed =~ = —""""" a ee ee a 
to be as much capacity as could possibly be installed in 
the available ground area. As the station grew, 
however, and with the production of larger 
turbine generators, it was evident 
that considerably more capacity 


; & Mfg. Co. 
ts iy as 60,000 kw. 13,200 v.,60 cycles Westinghouse Elec. 
& Mfg. Co. 


Boiler equipment was rated as 
shown in the table on page 607. 

Thus, at the beginning of 1928, 
Hell Gate Station consisted of 21 
boilers, all stoker fired, operating at 
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275 lb. steam pressure, and 7 turbo-generators, totaling 
285,000 kw. capacity. 


The 1928 extension consisted of two 160,000-kw. tur- 
bine generators (Nos. 8 and 9) and 3 new boilers (Nos. 
81, 82, 83). 

There was sufficient space in the turbine room for 
the installation of one 160,000-kw. machine but not for 
two such units. It was necessary, therefore, first to 
enlarge the turbine room. This consisted in building a 
70-ft. extension to the north end of the turbine room. 










FIG. 2. THE 160,000-KW. BROWN BOVERI TURBINE 
GENERATOR FROM THE HIGH PRESSURE ELEMENT 
SIDE. IN THE UPPER VIEW IS SHOWN ONE OF THE 
SMALL ELECTRIC MOTORS WHICH IS USED TO DRIVE 
THE ROTATING ELEMENTS OF THE TURBINES, 
WHEN NOT IN USE 


The boiler room was not enlarged, since there was space 
in the existing building for the installation of three new 
boilers. Due to the increased need for steam by the two 


BOILERS AT HELL GATE AT BEGINNING OF 1928 





Orig. Gen. Unit Gen.Unit Gen. Unit 

Installation No. 5 No. 6 No.7 
Number of units 12 3 3 3 
Make of boiler.. Springfield Springfield Springfield Springfield 
Bip. Re Sipe Cross Drum Sectional Water Tube Water Tube 
Boiler pressure. 275 275 275 275 
Canseléy? .<.... sees, Fn Pw Pn 

ylor aylor aylor aylor 

Method of firing stokers stokers stokers stokers 
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new turbines, however, still more boiler capacity is 
needed, and during the next year the boiler house will 
also be enlarged so as to accommodate two additional 
boilers of 800,000 lb. capacity each. 

This addition gives Hell Gate station a capacity of 
605,000 kw., making it the world’s largest central sta- 
tion plant in service today. 


DetaILs OF NEw BoILer INSTALLATION 


Of considerable interest is the fact that the three 
new boilers (Nos. 81, 82 and 83) included in the 1928 








extension are fired with pulverized coal, these units 
being the first pulverized coal fired units to be installed 
at Hell Gate. Like all the other boilers in this station 
the new units are three-pass, cross-drum Springfield 
boilers. They are built to operate at 275 lb. pressure 
and are eonnected into the same header system as the 
old boilers. 

While the use of pulverized coal is new at Hell Gate, 
it is by no means an experiment. For several years, 
this company has had pulverized coal-fired boilers in 
operation at the Sherman Creek station where consid- 
erable experimental work was carried out. It was be- 
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1928 EXTENSION 
INDICATED WITHIN 
OOUBLE LINES ~ 





RIVER 


FIG. 3. PLAN OF HELL GATE STATION SHOWING EQUIP- 
MENT INCLUDED IN THE 1928 EXTENSION AND ITS 
RELATION TO PREVIOUSLY INSTALLED UNITS 


cause of this experimental work at Sherman Creek that 
pulverized coal was decided upon for the new Hell Gate 
units. 

A section through one of the new boilers is shown in 
Fig. 4. As may be noted, it has three drums. One of 
the outside drums is connected directly with the boiler 
heating surface proper. Each of the three drums, how- 
ever, connects with the water walls of the furnace. The 
furnaces are entirely water cooled by means of fin tube 
type walls furnished by the Combustion Engineering 
Corp. The furnace on boiler No. 81 has water screens 
at the bottom, but not unit No. 82 and 83. 


Of particular interest in connection with the water 
walls is the method of protecting the headers from the 
action of the intense heat of the furnace. These are in- 
sulated with R & E moldit, a monolithic refractory 
which is prepared by merely adding water and poured 
into place. Wooden forms are built around these 
headers, and the refractory poured in place much as 
cement is poured into forms in ordinary cement con- 
struction. This refractory, shown in Fig. 5, which was 
installed by the Refractory and Engineering Corp., not 
only protects the header but effectively seals the fur- 
nace at this point against air leakage, as it has no drying 
shrinkage. It has another advantage. If during con- 
tinued operation, this refractory around the upper 
headers ‘should tend to loosen and fall, it will crumble 
gradually, thus eliminating the possibility of damage 
to the water screen below due to the impact of large 
blocks of refractory. 

Each of the new boilers is rated at 2380 hp., having 
20,000 sq. ft. of water heating surface in the boiler 
proper and 3800 sq. ft. in the water walls. The furnace 
volumes of the various units differ slightly, owing to 
the different arrangements used for removing the ash, 
unit No. 81 having 18,300 cu. ft.; No. 82, 21,840 eu. ft., 
and No. 83, 18,150 eu. ft. 

The superheaters are of the bent tube type made by 
the Superheater Co. and have 4800 sq. ft. of heating 
surface. They are installed in the first pass of the 
boiler, between the lower and upper banks of boiler 
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tubes. The lower bank of tubes contains 4 rows, the 
upper bank 16. 

As may be noted from Fig. 4, the superheater is 
composed of two sets of elements, an upper set and a 
lower set, each set, however, connecting into the same 
headers. The latter pass directly through the center of 
the boiler and are isolated from the gas passage by a 
refractory casing. 

The boilers are suspended by U-shaped rods from 
girders above the drums, and are provided with a 
plaster setting. Water-cooled furnace walls are in- 
sulated with 17% in., 1800 semi refractory, 4 in. Webers’ 
No. 48 plaster, finished with 14 in. hard cement. 


MetuHop or Firine 


In firing these units, the tangential system of firing 
is used, the furnaces being provided with a 3-element 
burner at each of the four corners. The Combustion 
Engineering Corp. unit system of preparation is used 
with mill drying. The mills are Raymond, impact No. 
82, with a capacity of 12,500 lb. per hr., one being pro- 
vided for each burner or four for each boiler. © 

Crushed coal is delivered to the 100-t. raw coal 


FORCED DRAFT 
BREECHING 


FIG. 4. CROSS SECTION OF ONE OF THE NEW BOILERS 
AT HELL GATE STATION 
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bunkers at each boiler by either of two screw conveyors 
as shown. From the bunkers, the coal feeds directly 
into the four motor-driven feeders which in turn deliver 
it, by gravity, to the respective mills, where it is pul- 
verized. 

At the mills, approximately 15 per cent of the total 
air required for combustion is supplied. This air is 
supplied from the air preheaters at a temperature of 280 
deg. F. 


A VIEW INSIDE THE FURNACE AT HELL GATE, 
SHOWING THE WATER WALLS AND PART OF THE 
WATER COOLED ARCH. THIS ALSO SHOWS HOW THE 
WATER WALL HEADER IS PROTECTED BY THE MONO- 
LITHIC REFRACTORY 

FIG. 6. ANOTHER VIEW INSIDE THE FURNACE, LOOKING 
AT A CORNER AND SHOWING ONE OF THE TANGENTIAL 
BURNERS 


FIG. 5. 


A separate feed pipe is installed from each mill to 
one of the burners. At a point close to the burners, this 
single line divides into three smaller lines which deliver 
the pulverized coal to each of the three elements of the 
burner. At the burners, the remainder of the air re- 
quired for combustion, i. e., about 85 per cent, is sup- 
plied, also at a temperature of 280 deg. F. Thus, all 
the air is admitted into the furnace directly at the 
burners; none enters the furnace at any other point, 
except such as may enter through leakage. 

The burners are so directed, that the four streams 
of flame are tangent to a 6-ft. circle at the center of 
the furnace. As may be seen, the burners are installed 
in the lower part of the furnace. Due to the tangential 
arrangement of the burners, a violent turbulence is set 
up at the center of the furnace and, as the coal is thus 
brought into intimate contact with the air and as com- 
bustion is effected, the hot gases are drawn upward into 
the boiler. By locating the burners close to the bottom 
of the furnace and by inducing sufficient turbulence, 
combustion is practically complete by the time the lower 
tubes of the boiler are reached. 

An extremely interesting feature of the design of 
the new boiler installation at Hell Gate is the arrange- 
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ment of the air preheaters and economizers. Instead of 
the usual arrangement of placing these in series with 
respect to the gas passage, at Hell Gate they are placed 
in parallel. If Fig. 4 is examined rather carefully, it 
may be seen that there are two gas outlets to the boiler, 
one directly below the first drum, leading directly to the 
economizer, and another at the top of the boiler, between 
the first and second drums, leading directly to the air 
preheater. The gases leaving through the latter open- 
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ing pass through the air preheater and finally meet the 
gases leaving the economizer, from which meeting point 
both are drawn into the induced draft fans, after which 
they are delivered through cinder catchers to the uptake. 
Thus it is seen that the gases leaving the boiler divide 
into two parts, one part going through the economizers 
while the remainder passes through the air heaters. 

It will be noted that in the gas passage leading from 
the air preheater, there is installed a damper. The 
purpose of this is to regulate the amount of gas passing 
through the air heater and therefore, the air tempera- 
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ture. By adjusting this damper, any desired air tem- 
perature can be obtained. When the damper is closed, 
the air preheaters are out of the circuit entirely and 
the entire quantity of gases leaving the boiler passes 
through the economizers. 

The economizers are of two makes, those on units 
81 and 82 being Foster Wheeler Corp. units and that 
on No. 83, a Combustion Engineering unit. The Foster 
Wheeler units each have 26,136 sq. ft. of heating sur- 
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DIAGRAM OF THE CONTROL GEAR FOR THE 
BROWN BOVERI TURBINE 





FIG. 8. 


face while the Combustion Engineering Corp. unit has 
27,836 sq. ft. 

Air preheaters on all three boilers are the C. E. plate 
type, having 11,840 sq. ft. of surface and a capacity of 
456,700 lb. of air per hour. They are designed for rais- 
ing the temperature of the air from 70 to 286 deg. with 
gas inlet and outlet temperatures of 820 and 484 deg. 
respectively. 

One forced draft fan and one induced draft fan are 
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PLAN VIEW OF THE THREE NEW BOILERS SHOWING THE MAIN STEAM PIPING 
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provided for each boiler, both being installed above the 
boilers as shown. Both fans are Sturtevant units, the 
induced draft fan being of the new adjustable vane 
type, capable of handling 275,000 c.f. at 14 in. S.P. The 
forced draft fans have rating of 155,000 c.f. at 10 
in. static pressure. 
MertHop oF CONTROL 

Entire control of each boiler is effected by the auto- 

matic control system or manually by means of a boiler 


“- 
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control panel on the operating floor in front of each 
boiler. Each boiler panel contains, beside the Bailey 
boiler meter, draft gages showing the induced draft 
pressure, the draft pressure at the boiler outlet and the 
draft pressure at each of the four burners, a steam 
pressure gage, an indicating pyrometer and the manual 
controls for the various fan and mill motors. 

The controls on the panel only regulate the speeds of 
the various motors. To adjust the air supply to the 
burners, a separate set of controls is provided. This 
consists of six hand wheels operating the dampers at 
the burners, through steel cables installed on pulleys. 


Each of the four upper and lower elements of the 
burners for one furnace is controlled by a single hand 
wheel respectively. The center elements of each of the 
four burners are each controlled by a separate control 
wheel. Thus there is one control for all of the upper 
elements, one for all of the lower elements, and four 
controls, one each for each of the center elements of the 
four burners. 

As stated previously, only boiler 81 has a water 
sereen. Because of the great height of the furnaces, it 
was necessary to install the water screens only a few 
feet above the basement floor level, thus making it im- 
possible to install the usual type of ash pit below. The 
ash, therefore, is removed at the sides, the bottom of 
the furnace being inclined at each side. These in- 
clined bottoms are provided with Allen-Sherman-Hoff 
hydraulic ash gates as shown in Fig. 9C. 

All ash disposal is by the hydraulic sluicing system 
used throughout the entire station. Ash from the boiler 
furnaces is discharged into cast-iron lined troughs im- 
mediately below the furnaces. These troughs, one for 
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.FIG. 9. SOME OF THE MANY INTERESTING FEATURES AT HELL GATE 


A. A view showing the three new boilers under construction. 
B. Looking at the center header of the water screen. C. Two 
of the new boilers have inclined ash gates of this type. D. One 
of the boiler control panels. Each boiler is controlled from a 


panel of this type. E. The ventilating blowers of the Westing- 
house generator are located between the two generators, as shown 


here. F. The new ash sluicing system in operation. This view 
shows the settling pits and grab bucket outside the building. 





POWER PLANT 























































































612 ENGINEERING June 1, 1929 
-= — 
eee a 
ew 
BAe G \ 
14 \ ‘ 
id We \\\ 
il = | 7) 
i] AVE 
\ ) 
\ Z 
S\fes=s,7% 
~ =>4 
i " 
tl 
XA 
' 
i. - - 
aan ee a a ae 
} 4 df nna 
4 \\ \ 
| A. 4 4 ol 
Pag AN Hi } t |i ft SOT Rat RPE SNEED RIS 
lee ope Y ee es ~@ 
* TRAE NN Op / ° rps 
tyv, ED ralLNSS ty, ‘ ef) 
4, 8 i PG. ~ -—-+— f *b De 
“pore a sad 
e Se o- Sige _ Dee 
O55 .62 “= 
FIG. 10. HIGH PRESSURE CYLINDER OF THE BROWN BOVERI TURBINE 


each row of boilers, are connected to the main trough 
to the settling pits on the outside of the building. 

Due to the fact that the turbine room was extended, 
it was necessary to build a new settling pit and ash 
hopper as the old installation was on the site of the new 
turbine room extension. This new installation is shown 
in Fig. 9F. 


FEATURES OF THE NEW GENERATING UNITS 


Perhaps the most interesting feature of the entire new 
installation at Hell Gate Station is the two new turbine 





FIG. 11. 


generators, each of which has a rated capacity of 
approximately 160,000 kw. When it-is considered that 
the first 35,000 and 40,000-kw. machines used in the 
initial installation at Hell Gate in 1920 were among the 
largest units built at that time, the installation of the 
new 160,000-kw. units is significant of progress made in 
the field of turbine-generator design during the past 8 
yr. These new units are the largest in operation at the 
present time, although they are exceeded in size by the 
208,000-kw. machines now being installed at State Line 
Station. 
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SECTION THROUGH 88,200-KW. GENERATOR DRIVEN BY THE HIGH PRESSURE ELEMENT OF THE 


BROWN BOVERI TURBINE 
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Although of different make, the arrangement of the 
elements of the two machines is essentially the same. 
Unit No. 8, the first one which was placed in service is 
of particular interest because it is of European manu- 
facture, having been built in Switzerland by the Amer- 
ican Brown Boveri Co. Unit No. 9, which is rated 
slightly higher (165,000 kw.) than the Brown Boveri 
machine, is of Westinghouse Electric and Manufactur- 
ing Co. make. 

In the design of these machines, the question of space 
was of great importance. The space available for unit 
No. 8 was 38 by 76 ft. and had been planned originally 
for a 40,000-kw. unit. This was the last unoccupied 
space remaining in the building. The initial requests 



























































FIG. 12. 


for bids, therefore, called for the highest capacity gen- 
erating units which could be installed in a space 38 by 
76 ft. in area. Thus, today, a turbine generator of 
some 160,000-kw. capacity is installed in a space which, 
in 1920, was laid out for a 40,000-kw. unit. 

In order to provide space for unit No. 9, the 165,000- 
kw. Westinghouse machine, it was necessary to build a 
70-ft. extension to the turbine room. 

Both units are cross compound machines consisting 
of a high-pressure turbine adjacent to a double flow 
low-pressure element, the steam from the high to the 
low-pressure element being carried overhead. Condens- 
ing equipment is the same for both units, being West- 
inghouse, double, two-pass radial type surface con- 
densers, each with 137,500 sq. ft. of cooling surface. 

Steam conditions for the new machines are 265 Ib. 
and 300 deg. F. superheat. The high-pressure elements 
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exhaust into the low-pressure elements at pressures of 
approximately 20 lb. per sq. in. gage when the units are 
operating at maximum load. Steam is bled from two 
points, one at receiver pressure and the other one at 
approximately the fourth low-pressure stage. The low- 
pressure elements exhaust to the condensers at an abso- 
lute pressure of 1 in. of mercury. 

While the arrangement of the elements of the two 
turbines is similar, in details of design the machines 
are quite different. In the case of the Brown Boveri 
unit, the speeds of the high and lower-pressure elements 
are different—the high-pressure shaft operating at 1800 
r.p.m. and driving a four-pole, 60-cycle generator, while 
the low-pressure shaft runs at 1200 r.p.m. and drives a 
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PLAN AND ELEVATIONS OF THE WESTINGHOUSE 165,000-KW. UNIT 


six-pole generator. In the case of the Westinghouse 
unit, both the high and low-pressure shafts operate at 
the same speed, 1800 r.p.m. and both drive four-pole, 
60-cycle generators. 

Arrangement of exciters and blowers on the two 
makes of turbines is also different. Because of the small 
space available, it was necessary to use a rather unusual 
arrangement for the ventilating system for the alterna- 
tors. On the Brown Boveri unit, a separate closed ven- 
tilating system, incorporating a separate blower and 
cooler, is provided for each generator, one fan being 
coupled directly to the end of each generator shaft. 
Cooling air enters the alternator winding from below 
and passes out at the top through a large overhead duct 
connecting directly with the fan. After passing through 
the fan, the air returns to the generators through the 

(Continued on page 648) 
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High Lights in the 
Trend of High-Pressure 
Turbine Practice 


LANGERBRUGGE TURBINE CasINGS RuN Dark Rep Up 
to 850 Dea. F. But Nor Less Stricinea Is tHe DECI- 
SION TO RUN THE WITKOVITZ TURBINE AT 930 Dec. F. 


By 


June 1, 1929 











ITH THE EXCEPTION of a few small scale 
attempts to use higher steam pressures, the real 
industrial movement toward higher quality thermal 
eycles began soon after the World War and although 
the present day situation is full of promise for the 
future, we may take account of the results so far 
achieved. The work of the pioneer is always arduous 
but not less hard and certainly more strenuous is the 
present continuous effort in the gradual expansion of 
temperature-pressure limits for the thermal cycles. 
First, however, in its ideal simplicity came the re- 
generative cycle of Ferranti, which has been responsible 
for the greater part of the heat saving effected in the 
large scale generation of power. The next step has been 
marked by the increased attention given to the con- 
densing problem and the exhaust end of the turbines. 
Indeed, very real difficulties were encountered in the 
low-pressure end of the turbines and these are still 
troubling both the turbine manufacturers and the oper- 
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ating forces of large central stations. The slow progress 
in this direction is not spectacular and involves a tre- 
mendous amount of laborious research, experimentation 
and vexation; however, even if turbine blade failures 
have been common, commercial savings from improved 
machinery have been increasing and blade troubles and 
leaving losses are a diminishing quantity. 


Borter Room CHANGES IMPROVE TURBINE PERFORMANCE 


About the time when the first enthusiasts for higher 
steam pressure began to put their ingenious ideas into 
practice, a sound step was quickly taken in the boiler 
rooms. The superheat was increased and steam tem- 
peratures rose to 700 deg. F. Moreover, the combus- 
tion problems were taken up and pulverized coal firing 
made its appearance. At this period, the demand for 
power in the United States was rising fast and soon the 
now obvious benefits of a larger scale for both boilers 
and turbines became understood. The unusual amount 
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Military Academy and the Agricultural College of Utah. 
From 1892-1898, he was in the employ of Dr. F. S. 
Pearson as draftsman and_resident engineer engaged in 
the building of the West End Street Railroad in Boston 
and other street railway systems, the People’s Light, 
Heat & Power Co., Halifax, N. S., and the Dominion 
Coal Co. of Sydney, C. B. In 1898, he entered the 
employ of the New York Edison Co. as draftsman, 
becoming later chief draftsman and mechanical engineer 
which position he held until 1914, being responsible for 
the design of many of the power plants erected in these 
years. As Assistant Engineer to Thomas E. Murray, 
he was concerned in the design and erection of many 
water power and steam power plants in various parts 
of the United States. From 1914 to December 1928, 
he was Consulting Engineer for the New York Edison 
Co. and many other companies specializing in power 
generation, coke oven, and other mechanical and chem- 
ical applications, water power, etc. Mr. Orrok has made 
a study of European engineering practice in connection 
with power plants, visiting Europe many times in the 
last few years. 

From 1911-1914, he was consulting professor of steam 
engineering, Brooklyn Polytechnic Inst., from 1918, 
graduate lecturer in steam engineering at Yale Uni- 
versity and the last two years lecturer in steam engineer- 
ing at Harvard University. With Professor R. H. 
Fernald as co-author, his book on the Engineering of 
Power Plants is regarded as an authority on power plant 


design. Mr. Orrok is a member of the A. S. M. E,, 
A. S. C. E., American Institute of Mining and Metallur- 
gical Engineers, Institute of Mechanical Engineers of 
London, V. D. I., fellow of the A. A. A. S. and a 
member of other scientific and engineering societies. 

On January 1, 1929, Mr. Orrok severed his connec- 
tion with the New York Edison Co. and opened an office 
at 52 Vanderbilt Ave., New York City, where he carries 
on his practice as consulting engineer. 


Nicuotas C. Artsay, now Principal Assistant En- 
gineer to Geo. A. Orrok, was formerly Commander in 
the Naval Constructors Corps, Imperial Russian Navy. 
He was graduated in 1909 from the Academy of Naval 
Constructors and Naval Engineers, Cronstadt, Russia, 
after which he took the post graduate course in mechani- 
cal engineering in Emperor Nicholas’ Institute of Tech- 
nology, St. Petersburg, and then served in the navy 
until the revolution. During the war he was commis- 
sioned to study the battle behavior of ships of the line 
in the Baltic Sea on board “Sebastopol.” During this 
period, he carried out extensive repair and alteration 
work on ships of the Baltic Fleet.. During the Civil 
War, 1919-1920, he was Chief Naval Constructor of the 
Black Sea Fleet. He came to the United States in 1922 
and was appointed test engineer at the Hell Gate Station 
of the United Electric Light & Power Co. In 1926, he 
was transferred to the New York Edison Co. and 
assigned to the office of Geo. A. Orrok, at that time its 
consulting engineer. Besides his specialty of designing 
and building warships, he is interested in all questions 
of mechanical and thermal equipment of power plants, 
— and structural and physical properties of 
metals. 
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of engineering thought and daring required by this re- 
vision of standard sizes is not so apparent in technical 
literature as in the files of manufacturers. The main 
power generated a score of years ago in a small city 
power plant would hardly be sufficient today to drive 
the draft fans of a pair of modern boilers. 

Thus, before the advent of high-pressure and high- 
temperature installations, much of the large improve- 
ment margin up to the Carnot cycle had been secured 
by better combustion, better load condition brought 
about by interconnections, by the regenerative cycle and 
by the greater average vacuum given by modern con- 
densers. The first steps for increasing the overall sta- 
tion efficiency have been easy, the additional equipment 
or changes did not cost much per unit of installed 
capacity and the question of additional fixed charges 
was not so acute and definite. We owe much of the 
present progress of turbines and boilers to an error of 
judgment! Most of the technical progress was attained 
when the thermal efficiencies were the criterions of good 
economy and money was flowing freely into refinements. 
The policy of commercial efficiency which has now taken 
its proper place not only brought back many discarded 
types of equipment, suitably changed, of course, but re- 
vised also the cautious conservatism which is so neces- 
sary for standardized production. 


PRACTICALLY THE ENTIRE PRESSURE RANGE BEING 
INVESTIGATED 


Theoretical studies for the betterment of steam cycles 
quickly indicated that the practical limits for the best 
efficiency of the pure Rankine cycle are reached at a 
relatively moderate pressure and that an increase in 
total temperature of steam held more promise. Simul- 
taneously, it was also noted that multistage bleeding is 
the more effective the higher is the pressure. A cautious 
but satisfactory advance was made using steam at 375 
to 400 lb. per sq. in., 725 deg. F’. with four-stage bleed- 
ing, while other experimental advances were made at 
Langerbrugge (750 lb. per sq. in., 850 to 900 deg. F.), 
Edgar (1200 lb. per sq. in., 730 deg. F.), Lakeside (1400 
lb. per sq. in., 725 deg. F.). But these installations were 
of less significance than the decisive results obtained at 
Philo, Columbia, Klingenberg and Crawford Ave., (550 
to 600 lb. per sq. in., 725 deg. F.) which established 
another standard of high-pressure operation. Other 
experimental plants which have blazed the way, may be 
noted, such as Borsig (900 lb. per sq. in., 800 deg. F.), 
Siemens-Schuckert (2500 lb. per sq. in., 750 deg. F.) 
and Witkovitz (1700 lb. per sq. in., 932 deg. F.). 

Properly the problem of the most economical steam 
pressure belongs to the boiler room because the high- 
pressure turbine very quickly attained a position of 
reliability and simple ruggedness so that today the high- 
pressure end is probably more dependable than the low- 
pressure exhaust end. The efficiency and reliability of 
high-pressure turbines is much improved with the 
amount of steam flowing through them. Due to the low 
specific volume of high-pressure steam and the neces- 
sity for full circumferential admission the design de- 
pends much on the amount of steam passing the turbine. 
For small amounts of steam, the Brown-Boveri turbine 
at Langerbrugge and the Ljungstrom types are the best 
but equally good results were obtained by Erste Brun- 
ner (Loesel), Escher-Wyss and their licensees. The 
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most troublesome problem is the blade size. The Escher- 
Wyss turbines at Siemens-Schuckert plant have blades 
4 in. high for 2500 lb. per sq. in. pressure, while some 
of Erste Brunner turbines have nozzle orifices as small 
as 2 mm. (less than 4% in.). The increase in blade size 
can be attained by reducing the adiabatic drop (ve- 
locity) per stage at the cost of increasing the number =f 
stages, and reducing the wheel diameter. For a small 
amount of flow, the high-pressure turbines resemble 
more a jeweler’s chef d’ceuvre than the work of a me- 
chanic; however, for large amounts of flow these difficul- 
ties disappear and the turbines are quite simple, for 
instance the General Electric Co. turbines at Boston 
and Milwaukee. 


SPECIAL ALLOY STEELS Usep ror High TEMPERATURES 


The larger the size of the turbine the more difficult 
is the construction of the casing and glands. Special 
alloy steels are necessary here. It was astounding to 
see the Langerbrugge Brown Boveri turbine casings 
running dark red up to 850 deg. F’. but not less striking 
is the decision to run the Witkovitz turbine normally at 
930 deg. F. Considerable change in the elastic con- 
stants takes place at such temperatures and ‘the calcu- 
lations of vibrational frequencies for the shafts become 
uncertain. Special care is required in the design to 
eliminate thermal stresses which can be quite serious 
because of the steep temperature drop along the steam 
path. Special mantles around the stationary blade 
casing with steam between are frequent in the European 
designs. Ingenious designs by Prof. Roeder (Siemens- 
Schuckert), eliminate the high-pressure gland; however, 
with the growth in the size of the high-pressure units, it 
will be possible to construct a double flow, high-pressure 
barrel with central admission of steam and thus this 
awkward item will be eliminated. Actual experience 
in this country up to 1400 lb. per sq. in. does not indi- 
cate any special troubles with this gland but at Edgar 
and Lakeside the temperatures are not very high. 


Steam ReHEATERS WipELY Usep wirH HigH PRESSURES 


There are very few straight high-pressure plants in 
operation and in the majority of plants where high pres- 
sure is used, the high-pressure turbines are superimposed 
on the standard equipment; they are termed ‘‘reducing 
valve turbines.’’ It is thus possible to run them at 
constant load and the speed governor does not present 
any particular difficulties. It is different with some 
industrial plants using process steam. For instance, 
the Witkovitz turbine is built as a double-pressure tur- 
bine, using high-pressure steam up to the present high- 
pressure boiler limit of generation. The additional steam 
necessary is taken from the old waste heat and regular 
boilers of medium pressure; moreover this turbine is 
bled in two points for process steam, thus the governor 
is set on the medium pressure steam supply. When the 
high-pressure boiler plant is increased to the full extent, 
the governor will be connected to the high-pressure 
steam supply and the medium pressure waste heat steam 
will be used in whatever quantities available. 

Due to the low heat content and low entropy of high- 
pressure steam, the steam reheater is an integral part of 
any high-pressure installation. Reheating in boilers is 
known quite well in this country but abroad they balk 
at so much extra piping, consequently went to steam 
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reheating by live high-pressure steam. Sometimes it is 
done in two stages: in the first stage, the high-pressure 
steam is condensed and in the second there is an ex- 
change of superheat; sometimes the whole main bulk of 
steam passes through the second-stage reheater. The 
Witkovitz plant steam reheater consists of coils of large 
diameter tubes inside of which run small diameter tubes 
with high-pressure steam, they are thus surrounded by 
the steam to be reheated. These reheaters are very com- 
pact, can be put close to the turbine and their steam 
volume is small enough not to permit overspeeding the 
turbine with the load off. 


FEEDWATER TREATMENT IMPORTANT FOR TURBINE 


The question of pure feedwater in high-pressure 
plants concerns the turbines as well as the boilers. Many 
chemical compounds present in the boiler can be vola- 
tilized or carried in molten state through the super- 
heaters into the turbines when, with the reduction of 
temperature, they are deposited on the turbine blading. 
Anderson’s report* on experience with 1400 lb. per sq. 
in. at Lakeside, mentions the necessity of periodic wash- 
ings of the high-pressure unit to restore its flow 
capacity. 

The present technical position attained by the high- 
pressure turbines indicates that the best results will be 
obtained in large installations and the difficulties of 
construction and operation will be the less the greater 
is the amount of steam used in the turbine. Up to 750 
deg. F. total temperature of steam, the high-pressure 
turbine of sensible capacity will be more rugged and 
more reliable than its medium and low-pressure neigh- 
bors. Special designs are required for higher tempera- 
tures and, while the question of temperatures is a great 
deal more serious than the question of pressures, still 
we may confidently expect to see turbines running nor- 
mally at 1000 deg. F. total steam temperature and at 
pressures up to 2500 lb. per sq. in. 

From the standpoint of economy, the high-pressure 
turbine is probably the least expensive and least cum- 
bersome main item in the whole high-pressure plant con- 
sidering the cost per kilowatt of capacity and the selec- 
tion of the most economical pressure is hardly affected 
by the turbine question. It is entirely a matter of 
boilers and of the station load factor. 


AMERICANS AND EUROPEANS COOPERATING ON RESEARCH 


A review of the high-pressure steam turbine develop- 
ment would be incomplete without mentioning the re- 
search problem into the properties of steam which has 
been under way for the last eight vears. The practical 
work of designing high-pressure boilers and turbines 
necessitates exact knowledge of the relationship between 
pressure, temperatures, specific volume, entropy and 
total heat of steam. This research has been extended to 
include the range between ordinary temperatures and 
pressures and the critical point, going as high as about 
1000 deg. F. Codperation has been secured between the 
work in this country and that of the European inves- 
tigators, which it is hoped will result in international 
agreement. With the increased refinement of turbine 
and boiler designs, more strict requirements and keener 
competition, other aspects of steam behavior have been 


*See Power Plant Engineering, Feb. 15, 1928, page 229. 
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emphasized and there has been a considerable study of 
the metastable phases of water and steam which has been 
brilliantly summed up by Professor Stodola. It is prob- 
able that much more attention will be paid to these un- 
stable conditions which occur in the changing of state 
of the fluids used for power production. 


P. G. & E. Co. to Have First 
Double-Deck 1200-lb. Units 


EVERAL UNUSUAL or new features will be in- 
corporated in two steam turbine generators which 

are to be added to the generating facilities of the Pacific 
Gas and Electric Co., San Francisco. Two machines, 
each rated at 50,000 kw., the first of the new double- 
deck compound type, will be the first high-pressure 
turbines on the Pacific Coast. They are to be installed 
in Station A of the company, as noted in the May 15 
issue of Power Plant Engineering. 

This installation, it is claimed, will be oné of the 
most efficient in the world, the result both of employing 
1250-lb. boilers and using natural gas as fuel. Each 
main 1200-lb. turbine unit, of General Electric manu- 
facture, consists of a high-pressure element operating 
at 3600 r.p.m. and a low-pressure element operating at 
1800 r.p.m. The turbines, rated at 50,000 kw. each, are 
to be suitable for a maximum output of 62,000 kw. Pro- 
vision is made so that the low-pressure turbine can be 
operated from the high-pressure boilers with the high- 
pressure turbine shut down. 

New type of construction will be used, in that the 
high-pressure turbine and generator will be mounted 
on top of the low-pressure generator, thereby saving the 
foundation and the floor space ordinarily required for 
the high-pressure turbine. The result is a compact unit 
and, since working out the design details, this type of 
construction appears even more advantageous than when 
first proposed. 

In addition to the main turbines, two General Elec- 
trie auxiliary turbines are included for driving the 
boiler feed pumps. These pumps, used with high-pres- 
sure boilers, absorb considerable energy, and therefore 
these turbines are much larger than usual. They are 
of the two-unit type, composed of condensing and non- 
condensing elements. The condensing element is coupled 
to one end of the pump and takes steam from the pres- 
ent 300-lb. boilers; the noncondensing element is cou- 
pled to the other end of the pump and takes steam from 
the cross-over between the main turbines. This arrange- 
ment permits the two elements of the turbines to be 
operated at times independently and at other times to- 
gether, so as to maintain at all loads the most economi- 
cal heat balance in the installation as a whole. 


Starting Juty 15, The Commercial Standards 
Monthly, which summarizes progress in standardization 
and simplified practice, will appear as a standard size 
printed magazine, subscription $1 a year, to Superin- 


tendent of Documents, Washington, D. C. S. F. 
Tillman has been appointed editor. He has been on 
various papers, was managing editor of Army and Navy 
Magazine and, recently, with the Division of Simplified 
Practice of the Bureau of Standards which will issue 
the new monthly. 


LE Maen mdecSl SUDad Ces ane Sa 


sata ee 


Ge NG Hs Sagh Saar 








Sen ee 


rE een iinee oN a Set: tee Sa ae een EEL 








ev i ata 





reves 


sect 


ae 


BA At he SAE ne 


Sea 2 i SE Ait > 


ned 2g 


RCRD as 


FONE ES 


POWER 
June 1, 1929 ENGINEERING 617 


Engineers and A 











RUE APPRECIATION of beauty requires educa- 

tion, not because there are arbitrary standards but 
because beauty implies an accomplishment above the 
average. Our judgment is based on the failures of 
ourselves and others. The engineer’s beautiful engine 
is greasy and dirty to the artist, because the artist does 
not know of the difficulties that have been surmounted 
in its design; the architect’s beautiful building may 
seem impractical and uneconomic to the engineer be- 
cause he has failed to show the engineer the economic 
need of the building. Fundamentally, the engineer and 


rchitects Must 


Co-operate to 
Build Beauty 


into the 
Power Plant 


By W. A. Shoudy 


Consulting Engineer 


native materials to suit local weather conditions. In 
sunny Greece, where there was no snow load, we found 
flat-roofed, open-sided buildings; in the cold north, the 
roofs were pitched and windows and doors were pro- 
vided to keep out the cold and inclement weather. 


Each engineer-architect sought to use less and less 
material; thus, largely by trial and error, buildings 
developed into the proportions we now call beautiful. 
The Gothic arch is not primarily a thing of beauty but 
an engineering achievement for the support of a steep- 





the architect are working for the same result, although, 
because of early training, one may overemphasize the 
aesthetic and the other the economic phase of the prob- 
lem. Only as the two professions work together will 
our structures become beautiful in every sense of the 
word. 

After all, the architect should be fundamentally a 
structural engineer. The builders of some of the 
ancient cathedrals were known as engineers, not archi- 
tects and only one hundred years ago some architects 
were recorded as surveyors. 


DEVELOPMENT OF ARCHITECTURE 


The engineer’s criticism of the architect is that the 
latter has not only forgotten that he is an engineer but 
has also overlooked the fact that within the last 75 yr. 
the engineering basis of architecture has changed. We 
have different materials to work with and different con- 
ditions to meet, requiring a new type of architecture, 
which is based, nevertheless, on the same fundamentals 
of beauty in design. 

Architecture originated in the need of protection, 
first in the home; later, it developed into the erection 
of a tabernacle for the protecting deity. Large struc- 
tures were first of a religous nature and were made of 
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pitched roof. Every stone of an ancient or medieval 
cathedral is cut to meet structural engineering condi- 
tions. 

Ornamentation came later, with carvings to relieve 
long, unbroken lines and color to break the monotone of 
stone or wood. But even with color or carving removed, 
these old structures remain beautiful because they are 
sound engineering achievements. 

The colonial architecture of this country is another 
example of the economic aspect of beauty. With only 
wood, stone, a small amount of brick and a few skilled 
artisans, the colonist developed simple, economical but 
beautiful buildings. 

The beautiful moldings that the architects copy 
from ancient buildings are those that have survived the 
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FIG. 1. AMSTERDAM STATION, AN OUTSTANDING EXAMPLE 
OF GOOD ARCHITECTURAL TREATMENT 


weather conditions, the action of sun and frost. These 
are not made up of circles and straight lines but of 
stream-lines of great beauty. The railroad car axle is 
a development of repeated failures and reinforcements, 
until now it is of stream-line proportions that delight 
the eye of the artist. Stone columns are beautiful only 
when of the correct proportions for strength and the 
steel column is beautiful only to the skilled constructor 
whose eye can estimate its strength. Encase it in plaster 
and there is no beauty till the mind’s eye, seeing it as 
stone, is satisfied that it is thick enough for strength 
but not wasteful of material. 

Beauty is essentially an engineering matter and 
engineering is not perfected unless beauty is satisfied. 


STRUCTURAL STEEL Leaps To A New ARCHITECTURE 


With the coming of the mechanical age and the con- 
centration of population in our cities, a demand was 
ereated for buildings with more floors. Soon the limit 
was reached for wood and masonry but the introduction 
of structural steel made the skyscraper possible. Archi- 
tects at first did not fully realize that they had a new 
material to work with that upset the former basis of 
structural engineering. They hired engineers to design 
the skeleton and then draped it with facades copied from 
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classic designs. The first results were monstrosities but 
a new architecture has been developed and many of our 
buildings now are marvels of engineering and aesthetic 
achievement. The more beautiful buildings have at- 
tracted higher rentals and beauty of design has received 
an economic endorsement. Beauty in some manufactur- 
ing buildings has also had its economic justification in 
the advertising value of the buildings. 


Power Houses Is a New TYPE FoR THE ARCHITECT 
TO HANDLE 


Individual power houses have been with us hardly 
75 yr., for the first engines were installed in the factory 
buildings and the central station is a product of this 
generation. These buildings have offered the architect 
a problem in design that is totally new. The public has 
condemned the engineer for not creating beautiful struc- 
tures in a generation though architecture has taken 
centuries to develop. 

A home, a chureh or a public building may be 
arranged to suit the architect’s ideas of masses or use 
of material. Slight changes in the dimensions of a 
room are unimportant and, if columns are needed in a 
cathedral, they reduce only slightly the seating capacity. 
A factory for small machines is designed with a column 
spacing that will be most economical of steel and as 
many windows may be installed as the column spacing 
will permit. We can’t run a column through a boiler 
setting, however, nor can we place windows in a coal 
bunker. 

The building for a power house is only a shell cover- 
ing one machine for, after all, the boiler or turbine is 
only a part of a steam-electric machine. Hence the 
parts of this machine must first be efficiently arranged 
and then the house built only to house the machine. 
This house must be weather-proof, light, well-ventilated 
and with ample working space. Floor and roof heights 
must be determined by operating conditions; parts of 
the machine cannot be shifted to permit of uniform 
column spacing; frequently the roof lines cannot be 
continuous. 


ENGINEER AND ARCHITECT Must Eacu Give Way 
A LITTLE 


Such a specification is enough to break the heart of 
any architect who does not realize that he is dealing 
with a type of building that is new to the world. The 
engineer was the first to want beauty in his structures 
but the architect failed to help him without greatly 
inereasing the cost of the structure. Consequently, 
either unadorned buildings were built or simple orna- 
mentation by limestone trimming or ornate lamps was 
the only attempt at beauty. 

The engineer’s heart was in the machine and, since 
the architect could not help him, he ornamented the 
turbine room with red tile floors and white tile walls 
and found that the spirit of his men was improved, 
because they were proud of the plant. Then he began 
to plant grass seed and shrubs and he found that beauty 
paid in improved morale. 

It is not the engineer’s fault that the public does 
not call his power plants beautiful. His training in 
beauty is only that of the general public. Instead of 
recognizing his limitations in design, the architect has 
laid down impossible conditions. But the engineer and 
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the architect are slowly coming together. Our steam 
power plants are growing more beautiful. There is less 
spotty ornamentation and a closer study of the relation 
of masses. Both the engineer and the architect have 
had to compromise and such compromises will eventually 
lead to real beauty. 

Often the engineer has been at fault in rigidly dic- 
tating the building dimensions: not a foot may be added 
to length, breadth or height and no window may be 
shifted nor changed in size. There is no reason for 
such specifications. If walls are to be unbroken, the 
only relief that the architect can offer is to use high- 
quality brick and struck joints or elaborate cut stone 
trimming. But by set-backs in the walls, the masses 
may be broken up with beautiful effects. Such set- 




















FIG. 2. SLIGHT ENGINEERING COMPROMISES WERE MADE 
AT WHIPPANY STATION TO MEET ARCHITECTS REQUIRE- 
MENTS 


backs may lengthen one room two or three feet where 
additional space is not required but they may permit 
the architect to use a cheaper brick with a money 
saving greater than the increase due to the larger 
building. 

We are accustomed to estimating building costs in 
cents per cubic foot. It is a convenient method but 
one which may mislead. Factory and office buildings 
may be compared on this basis, yet such comparisons 
for power houses are seldom satisfactory. The major 
part of the building steel is for the support of machinery 
and coal bunkers and the total weight remains sub- 
stantially the same regardless of the size of the building, 
if the machinery is unchanged. An extra foot of 
length in the building affects the steel by a negligible 
amount, possibly adding a foot to two thin walls and 
one roof and sometimes to the foundation. To estimate 
the increase in building volume and to multiply that by 
the assumed cost per cubic foot gives an increase far 
beyond its true value. If the increase in cost must be 
figured, it must be figured in detail or not at all. We 
must be careful not to charge the architect with increas- 
ing the cost of the building by changing the dimensions. 
He may be cheapening it by making a cheaper material 
possible. 

Amsterdam Station of the New York Power & Light 
Corp. (formerly Adirondack) Fig. 1, always comes to 
mind when discussing this subject. It is an example 
of what the architect may do when given a free hand. 
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It is probably the first truly beautiful power station in 
this country. The use of anthracite made possible the 
selection of white concrete simulating fine white marble. 
The setting in the Mohawk Valley added greatly to the 
beauty. If any criticism is to be offered, it would be 
first because of increased expense. The advertising 
value to this company, however, has not been negligible. 
A second criticism might be that some engineering prin- 
ciples were compromised for greater beauty ; some have 
felt that the classical type of architecture does not rep- 
resent power. But the massive scale somewhat softens 
this criticism. It must be remembered that this is a 
pioneer station, therefore any criticism is somewhat of 
a carping nature. 

Whippany, N. J. station of the Jersey Central Power 
& Light Co., Fig. 2, is an example of slight engineering 
compromise to meet the architect’s requirements. The 
architect worked under the disadvantage of creating a 
design quickly, in order not to hold up for a single 
day the progress of the steel draftsmen. The boiler 
house was lengthened 3 ft. to provide a set-back on the 
right facade (this extension later was invaluable) and 
certain sections of the coping were built larger than 
otherwise necessary. Windows were all of standard 
dimensions. The trim was of precast stone and the 








FIG. 3. THIS TURBINE ROOM WAS APPROPRIATELY 
DECORATED WITH RED TILE FLOOR, BUFF, GLAZED- 
BRICK WALLS AND BROWN AND GREEN TILE TRIM 


brick was the cheapest quality obtainable. It is un- 
fortunate that later changes in coal-handling equip- 
ment marred somewhat the architect’s conception. The 
additional column is omitted at the left because that 
wall is temporary. 

The turbine room of this station, Fig. 3, was de- 
signed to encourage cleanliness. The floor is of red 
tile and the walls are faced with salt-glazed brick in 
buff, with a brown border. Green tile in the corners 
add a touch of color. These walls can be cleaned more 
easily than the customary white tile, are lower in first 
cost and present an artistic appearance. 

The proposed boiler house shown in the headpiece 
illustrates what the architect can do with a simple 
building. Floor plans, floor and roof elevations were 
given to the architect with approximate location of win- 
dows; walls were to be not over 12 in. thick, carried on 
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the steel. Standard-dimensioned windows were used 
and set-backs were obtained by carrying an 8-in. wall 
above, supported by the lintels of the windows. The 
only expense added by the architect is that of the extra 
labor of laying brick over that for an unbroken wall. 
Because cheap brick can be used, however, the actual 
cost is less than with a selected brick without archi- 
tectural treatment. 

Is it too much to expect that we can eventually get 
beauty in power stations? We engineers want it be- 
cause we want to be completely satisfied with our crea- 
tions. We can’t waste money and continue to be 
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engineers, yet we feel that, except in rare cases, the 
architects have failed to grasp our problem. 

The engineer cannot alter his basic design but he 
should be sure the limits he sets are sound. Let him 
lay out his machine, set a maximum and minimum size 
for each part of his plant and give some tolerance for 
the size and location of the windows and doors. Then 
let him leave the architect to the development of an 
original design. For a time, the engineer may need 
to compromise with the architect but, as each learns 
more of the other’s problems, compromise will become 
unnecessary. 


The Architect’s Idea of Power Plant Beauty 


In DesigNING A BEAUTIFUL PowEr Puant, He Is Guipep By CERTAIN 
FUNDAMENTAL PRINCIPLES; ENGINEER’S Design Must BE FLEXIBLE 


Enovaeu so THat THey Can BE APPLIED. 


ITH MAN’S appreciation and realization of a 
Creator and the desire to show Him deference and 
love and to appease the anger of an unknown force, 
probably came the oldest form of man’s intense desire 
for expression in art and the first elements of a con- 
structive form of beauty. It was first realized in the 


beginning of man’s philosophy of life and its relation 
to creation. When we consider that this impelling force 
was the motive power back of the greatest architectural 
achievements, from that very primitive time almost, we 
may say, to our own day,—a period variously estimated 


at from 25,000 to 3,000,000 yr.—we can realize how 
young is our generation and the use of mechanical 
force in relation to the life of mankind. There is born 
within us, even in the crudest savage, an unsatisfied 
desire and ambition for beauty. This unquenchable 
fire, God-given in its initial impulse, evidences itself in 
every nation and tribe of the world and in every pos- 
sible and conceivable form. 

Even within the past 100 yr. and, practically, within 
the memory of living men, the highest speed at which 
man was capable of traveling was the speed of the 
horse. During these 100 yr. we have advanced from 
the horse through the railroads, machine shops, elec- 
tricity, telegraph, telephone, the automobile, the radio 
and the airplane. Today we stand with millions of 
years of tradition in art and architecture behind us and 
a hundred years of the gradual harnessing of mechanical 
power. Man has studied what constitutes beauty, 
largely influenced by its structural meanings. I say 
influenced, although unconsciously, because in the very 
nature of things it is governed by the essential elements 
of strength. Civil engineering, the first sister of archi- 
tecture to have a recognizable place with its elements 
of birth in the great Gothic periods, has for a thousand 
years struggled hand in hand against the static forces 
of gravity in the production of the greatest masterpieces 
in architecture the world has to this day witnessed. 

One hundred and twenty years ago, man discovered 
a black mineral capable of producing a much more in- 
tense heat than any material previously at his command. 
It is strange to note that man’s first conception of a 
creative being to which he paid unwitting and unknow- 
ing homage was fire, little realizing that a great power, 
ages and ages after, would come from that very ele- 


By Hosart B. UpJoHn 


ment of heat. With the discovery of coal and the 
utilization of the expansive force of steam, great changes 
in the world’s form of living were produced. With the 
invention of mechanical means of power came mechani- 
eal perfection now measured to the ten-thousandth of 
an inch. With its discovery came a mad rush for 
invention and progress and one of the saddest things 
in the memory of our generation has been the heedless 
destruction of beauty in attaining speed. River fronts 
everywhere have been sadly abused; ash, coal, waste 
product and paper have been dumped without regard 
and rivers polluted, and changed from their courses; 
the glorious inheritances of millions of years so muti- 
lated and destroyed in this mad rush for power as to 
stand as running sores of civilization, a disgrace to 
mankind of today. There has been practically no heed 
taken of the sense of order, neatness, arrangement, or 
aesthetic expression of the buildings which grace these 
river fronts. Our engineering schools have turned out 
thousands of men but, if we look at the curriculums of 
the schools, not one word for the many years that a 
student spends in studying his profession is said about 
beauty in its relation to mankind. 


Even THoucH Man NEcuiects Beauty, NATURE 
Never DoEs 


Look about you and you will realize that nature 
never neglects this element. Scar a hill and nature will 
endeavor to heal the scar with the beautiful forms of 
plants and flowers. A landslide oceurs and the out- 
line left in the remaining crags is beautiful. Nature 
comes forth in verdure every spring in a new vestment 
of beauty and even the loss of leaves exposes wonderful 
shapes and forms. Man alone appears to be the greatest 
force opposed to beauty, yet the meanest peasant and 
the highest king yearns, at heart, for this intangible 
thing. 

It has even been preached against in the technical 
schools as a thing effeminate, to be shunned as imprac- 
tical and opposed to the basic elements of engineering 
efficiency. In other words, this element of beauty is 
too effeminate to stand beside this new-born, essentially 
masculine mechanical power, utterly forgetting that, 
thank God! there is such a thing as masculine beauty. 

Today, however, I believe there are distinct evidences 
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of the birth of a new period; a period of Renaissance 
in engineering, a period of appreciation and understand- 
ing. It is becoming more and more apparent that the 
efficiency of our workers depends largely upon the way 
they are housed and clothed and upon the conditions 
under which they work and play; that the elimination 
of all beauty from the lives of the mechanic and the 
laborer is accompanied with the elimination of interest 
and ambition, characteristics which we are more and 
more coming to realize are absolutely essential to the 
highest efficiency and ambitions which we would attain. 


Is Beauty OPpposeD TO EFFICIENCY ? 


Is it true that beauty and efficiency in mechanical 
buildings are opposed to each other? I am positively 
convinced that they are not. Such great artists as 
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that there is a great deal more flexibility in his plant 
than he at first gives it eredit for. 


The engineer is likely to figure his floor construction 
perhaps first on the minimum amount of steel required 
to cover a given span or possibly he may be governed 
by the minimum distance required by some machine. 
It has been my experience as an engineer that often 
a girder will be used for a given span, not because it is 
the lightest weight that can be employed but because 
the sizes adopted are more available and a foot or so 
added to its span would not in the least decrease the 
allowable floor load below what is required. This is only 
one example of a method by which the engineer may 
be more flexible.- A foot or so on the heights of columns, 
the extending of a parapet, a possible shortening of a 
column or even the treatment of a column are other 
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Joseph Pennell and Jonas Lie have caught in their 
paintings and lithographs the essential beauty of 
mechanical manufactories. They have proved to us 
that it is even possible to recognize and utilize the 
beauty of steam, vapor and smoke. If, then, the artist 
ean catch the poetry and beauty of these intangible 
things, is it not reasonable to believe that the architect 
may grasp and infuse into the building the inherent 
beauty of expression of which these buildings are 
capable? 

It has been said and, in fact, there has existed, an 
entire variance of opinion and a deplorable lack of 
sympathy between the engineer and the architect. On 
the one hand, we have a practical man who sees only 
the efficiency of his plant and figures the entire in- 
stallation according to mechanical conditions. On the 
other hand, the architect, trained in traditional expres- 
sions, is likely to see only such forms as he has been 
trained to recognize as essential to beauty and archi- 
tectural expression. Yet, if we look at it another way, 
both professions are essentially constructors and if we 
consider for a moment, it seems inconceivable that there 
should be such a lack of sympathy between the two 
professions so closely allied and with such similar 
ambitions. 

It is surely necessary that there be mutual under- 
standing and confidence. It is essential for the architect 
to realize that the relation of parts laid down by the 
engineer must be, of necessity, adhered to. On the other 
hand, it is absolutely essential that the engineer realize 


changes which may be made in the engineer’s original 
plans which will oftentimes solve a difficult architectural 
expression. 

It is for the engineer to realize the basic principles 
of the architect and to remember that he is dealing 
with a man who must feel, without necessarily a definite 
reason, the proportions of his buildings. The architect 
is trained to be sensitive to line and proportion—the 
very essence of his training produces an organism that 
is difficult for the engineer with his practical training 
to understand, while the architect must, in attacking a 
problem of this type, make himself free enough, flexible 
enough and inventive enough to produce forms for the 
natural interpretation of the problem before him. 


ENGINEER SHOULD LEARN Four PRINCIPLES THAT 
GUIDE THE ARCHITECT 


Three or four principles should be recognized by 
the engineer as essentials. We have first the principle 
of mass. The study of mass is the study of bulk in 
relation to other bulks or masses. We may have, in 
other words, a series of purely rectangular buildings in 
relation to each other, or rectangular forms without 
regard to dimensions or proportions, on the same build- 
ing, but underlying the whole principle of architecture 
runs a definite relation which these masses must have 
with each other if beauty is to be attained. 

The second principle is what we know as proportion. 
Proportion is relation to the dimensions in a single 
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mass or in different masses as they relate to each other. 
It is a refinement of the first principle involved in mass. 


The third element is scale. Scale may be defined 
as the relation of the size of sub-division of a mass to 
the mass itself and the relation of its individual elements 
to the elements of another mass. For example, one may 
have two masses beside each other which have been first 
adjusted in position to give proper balance as far as 
bulk goes. The masses may then be proportioned so 
that they supplement each other in shape, which in- 
troduces the second element of beauty. Thirdly the 
masses may be so sub-divided by horizontal and vertical 
lines as to be in scale with each other and to look as if 
they belonged together. This then illustrates the first 
three principles of architectural design. 

The fourth principle of architectural design is what 
is known as a group relation of openings to the sur- 
rounding form. It is the proportion of voids and solids 
and it is recognized by everyone in the framing of a 
picture or in the placing of an illustration on a page. 


The architect is trained in the elements of planning. 
His first principle in laying out any building is law, 
order and logical sequence of requirements. If this 
element of planning is of utmost importance to the 
residence, the bank, the governmental buildings, surely 
the same elements of law and order must obtain in the 
engineering building. It is not that the architect lacks 
appreciation of the ambition of the engineer but I am 
convinced that it is because he lacks the knowledge and 
has not been informed of the engineer’s ambition and 
requirements. He is likely to receive the engineer’s 
plan with its required mechanical sequence of rooms 
and machines with little explanation of the ‘‘why and 
wherefore,’’ therefore he plans according to the prin- 
ciples in which he has been trained instead of recog- 
nizing the principles to which the engineer must adhere. 


Wuat Doss Beauty Cost? 


Another fault, which is so often the cause of many 
failures, is that the engineer as a rule bases the cost of 
his building on the cost per cubic foot. Often a change 
in length or width or height is accompanied by little 
additional expense. I can remember adding about 14 
per cent more building at an additional expense of 11 
per cent where the spans were not increased nor the 
number of elements changed. It is not true that cost 
varies on a cubie foot basis and sometimes it is hardly 
just, where changes are made in the cubical content, 
to claim that these changes involve great additional 
expense. Beauty is one of the elements of efficiency 
and the expense to obtain it, within reason, is certainly 
justified. 

Now let us consider for a moment the actual design. 
Obviously it is impossible to state that any present 
known architecture or future architecture may be the 
only architectural style in which power houses should 
be built. In my opinion the problem should be attacked 
from the viewpoint of the problem as it exists, not 
necessarily interpreted into and forced to conform to 
-any preéstablished style. A power house should be a 
power house and should express that thought architec- 
turally. It is proper that architecture should, if pos- 
sible, express the use of the building so that a machine 
shop would be architecturally a machine shop or a 
power house a power house. 
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We are today endeavoring to solve problems accord- 
ing to the modern interpretation and the essential 
elements of our own day. New styles and thought are 
springing up, not alone in our country but in such 
countries as Norway, Sweden, Denmark and Germany, 
which give promise of a new style more rugged, more 
simple than the traditional and more expressive of the 
spirit of our own severe and mechanical age. The 
so-called modern style expresses the directness, - the 
frankness and sincerity which is the ambition of the 
artist of our day. Straight, plain surfaces, set-backs, 
buttresses are certainly more sympathetic to the expres- 
sion of power than the Grecian temple. 


ArcHiTect SHOULD BE RETAINED AT BEGINNING 
OF WorK 


Permit me to suggest that the proper time for the 
retention of an architect is in the very beginning of 
the plans, even if in a consulting capacity only. If it 
were possible for the engineer to lay out his plant in a 
preliminary way without regard to the structure, de- 
pending upon the structural engineer and the architect 
for the determination of column centers, girders, and 
so on, but all kept in the preliminary stage or we may 
say, a state of flux, then, when all were agreed, a 
mutually satisfactory skeleton plan could be issued to 
the engineers and the architect. The three could then 
proceed with little or no interference or delay to com- 
plete the plans simultaneously at a great saving of time. 

The architect is an expert on plan and design. He 
brings to the building problem not only a sense of 
beauty as his contribution to the solution but an inti- 
mate knowledge of styles and materials and a practical 
judgment in their selection. 2 

We are today endeavoring to express our times in 
the essentials of our buildings. This is not a new 
thought; it is one of the basic principles back of archi- 
tecture from the beginning of time. One can almost 
sense the culture and habits of a people by studying 
their buildings and today we are in a position to express 
the very thought of power, simplicity, directness and 
truth in the buildings of our age. There is no reason, 
with proper sympathy and selection of material, why 
the engineer and the architect should not work shoulder 
to shoulder in producing the greatest buildings of this 
type the world has ever seen, embodying all the beauty, 
strength, power and majesty that this great branch of 
our modern age is capable of expressing. 


ARRANGEMENTS for the reception of 100 of Europe’s 
most distinguished engineers and scientists who will 
arrive here during the summer en route to the World 
Engineering Congress at Tokio, have been placed in 
charge of Roy V. Wright, president of the United Engi- 
neering Societies, as chairman of the New York Recep- 
tion Committee, according to a recent announcement 
by Maurice Holland, executive secretary of the Amer- 
ican Committee of the Congress, of which Dr. Elmer 
A. Sperry is chairman. With Mr. Wright on the New 
York Reception Committee are Bancroft Gherardi, J. 
V. W. Reynders, F. R. Low, C. O. Mailloux, A. W. Ber- 
resford, H. Foster Bain, F. L. Hutchinson, Calvin W. 
Rice and George T. Seabury. Offices will be set aside 
for the visitors in the headquarters of the American 
Committee of the World Engineering Congress, 29 W. 
39th St., New York. 
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Analyses of Electric Utilities Costs 


Comparisons OF Costs BASED ON Various Factors SHow WIDE 
VARIATION FoR TEN New YorK Companies. By Ropert T. Livineston* 


N ANY BUSINESS, much can be learned from a 

study of the various companies engaged in that 
business. The electric light and power industry in the 
various sections of the country can obtain much valuable 
information by comparing their operation with the 
operations of other utilities in other parts of the coun- 
try. The different operating companies are differently 
organized and managed, are of varying sizes, charge 
different prices for the electricity which they sell and 
pay different amounts for the fuel they burn and the 
supplies which they buy for operation and construction. 
Therefore, it is seldom possible to compare directly any 
two companies even when the territories which they 
serve are apparently similar, and the various costs must 
be divided into suitable units, such as cents per kilo- 
watt-hour, so that different companies may be seen on 
a comparable basis. 


Costs ANALYZED FROM DIFFERENT POINTS OF VIEW 


In this article is submitted a study of the ten major 
electric utilities of New York State for the year 1926. 
This particular year was selected because it is the latest 
year for which the published statistical report (Vol. II) 
of the New York State Public Service Commission is 
available. Comparisons are submitted of the various 
operating costs from different points of view because 
while in general most costs bear some relation to the 
kilowatt-hours generated or sold, yet in many cases the 
dependence is indirect and some other unit is often more 
nearly constant or at least shows less variation. 

Those companies selected were chosen purely on a 
basis of their size, that is to say the ten companies with 
the ten largest electrical revenues were taken. Six of the 


*All publishing rights are reserved by the author. 
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companies are pure electrical companies, numbers 1, 2, 
3, 8, 9 and 10 and the other four also have gas depart- 
ments. All the companies except numbers 2 and 3 
center about or are confined to a large metropolitan area. 
Numbers 4, 5, 6 and 7 also serve wide suburban or rural 
districts. Companies number 2 and 3 are mainly en- 
gaged in the wholesale sales of electricity and in fact 
the third company does no retail business at all and has 
less than 200 customers. Table I gives some pertinent 
physical data and comparative statistics on the various 


TABLE I. PHYSICAL DATA AND COMPARATIVE STATISTICS 
ON COMPANIES ANALYZED 
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*Data not available 
°*Pigure given is actual figure divided by one thousand 


companies which if considered in connection with the 
various costs later presented will help to explain some 
of the apparent discrepancies. 


Costs Per Kitowart-Hour IN STEAM PLANTS 


Table II presents a comparison of the steam station 
costs first on a basis of cents per kilowatt-hour generated 
and second on a basis of dollars per year per kilowatt 
capacity. Companies number 2 and 4 and 5 appear out 
of line when compared on this basis but the use factors 
of the first two are so low that it is apparent that these 
stations are used only for break down or standby service, 
hence their unit costs are unimportant. Company num- 
ber 5 uses its generating station to produce steam for 
commercial sales and handles the charge by a credit 
which is here applied to the fuel costs. The last column 
shows the effect of this credit. Excepting these two 














TABLE II. COMPARISON OF STEAM STATION COSTS 
1 2 3 4 5 6 v 8 9 10 
‘ ified 
Gents per Kwehr, Generated 
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Steem Ste. Fue’ a 4.780 | 0.845 - 9.550 | 1.800 = {10.990 /12.750 | 7.610 | 4.670 
Steam Ste. Wete: 0.019 | 0.047 = 0: ier 0.202 | 0.006 - 0.133] 0.012 | 0.074 | 0. 202 
Steam Sta. Sup. Hi Expense | 0.096 | 0.077 |_-__ | 0.304] 0.512 | 0.368 |_- __| 0.353] 0.222 3 | 0.512 
Steam Sta.Totel Dir. : 6.174 | 2.171 - 3.825 [13.074 3.324 = {15.016 /14.301 20.892 | 8.194 
Steam Sta.Bldg.Maint 0.104] 0.052] .= 277 | 0.173 | 0.160 aed 0.274] 0.590 17; 
Steam Maint.Steam Eouip. / 1.011 | 0. - 0.935 0.459 - 2.380] 2.050 test 1300 
Steem Maint.Elec. Equip. 0.030 | 0.0r7 7 0.025 | 0.101 | 0.015 = 0.165} 0.123 | 0.144 | 0.101 
Steam Maint.Mis.P.P.£. 2.063 | 0.085 = 0.139 22 | 0.037 = 0.068 | 0.078 040 | 9.022 
Total Meintenence 2.208 | 0.633 = 1.376 | 1.585 2.671 = 2.987 | 2.841 | 1.587 |1.595 
Total Steam Expense f 

im 7.382 | 2.804 - 5.201 4.680 6.995 - 98.003 17.142 22.479 19.779 
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stations the following tabulation shows the range of 
costs on this basis: 


Cents per Kw-hr. Generated 


Low High Average 

Supt. and Labor............ 0.069 0.241 0.155 
EE Usvimivaadvesscentely 0.349 0.608 0.478 
GE vesvecceccssxecevedtl 0.001 0.016 0.008 
Supplies and Exp.......... 0.007 0.077 0.042 

Total Direct Cost........ 0.426 0.942 0.683 
Building Maint. ........... 0.010 0.033 0.022 
Maint. of Steam Equip...... 0.054 0.105 0.080 
Maint. of Elec. Equip....... 0.003 0.008 0.005 
Maint. of Miscel. Equip..... 0.002 0.008 0.006 

Total Maint. .......004. 0.069 0.154 = 0.118 
PE TI: evcannnnisanae 0.495 1.096 0.796 


The second part of Table II compares the costs on 
the basis of dollars per year per kilowatt capacity. It 
appears reasonable to expect that certain costs will de- 
pend upon the size of the station rather than upon the 
output and the values presented illustrate that quite 
clearly. With the exception of company number 8, for 
example, the variation of station superintendence and 
labor is only from $2.81 to $1.52 which is a variation 
of only 142 per cent as distinguished from the 250 per 
cent variation found on a basis of cents per kilowatt- 
hour generated and here only one company is omitted 
from the comparison while in the previous case there 
were three. 

It may be seen that the use factor does not enter into 
the argument as it did before for, while company num- 
ber 8 has the second highest use factor and the highest 
unit cost, number 4 with the lowest use factor has about 
the same unit cost as number 9 with the highest. In a 
similar manner, maintenance shows a smaller variation 
on this basis but even yet there is a great deal. It is 
believed that maintenance depends upon the two factors 
—the station capacity and the use factor. A certain 
sum is needed to keep a station up to satisfactory operat- 
ing condition whether any electricity is generated or 
not but as the equipment is used greater maintenance is 
probably needed. This could be determined only by 
plotting for any station maintenance costs against out- 
put and finding the intersection of the curve drawn 
through the plotted points with the dollar axis which 
would determine that fixed portion of the maintenance. 
This econelusion is borne out by the fact that the station 
with the lowest use factor has the lowest maintenance 
TABLE IIL. 


COMPARISON OF HYDRAULIC STATION COSTS 




















. uv 
u 








1 2 3 4 5 6 if 8 9 10 
(Cents pr Kwehr. Generated 
Hydro Supt.& Labor 0.027] 0.010 - 0.062 | 0.043 - - - - 
Rydro Water - - - - 0.001 | 0.001 - - - - 
Hydro Sup.& Expense = |0,004 | 0.001 - 0.014 | 0.004 - = = = 
Total Direct = [0.032 | 0.012 - 0.077] 0.048 - - - - 
Meint.Bldgs. = |0,001 002 - 0.001 | 0.003 - - > - 
Veint.Res.s Dams = | 0.003 | 0.001 - 0.002 | 0.007 - - - ad 
Vesint.H.E. Equip. - 006 002 - 0.0r1 | 0.007 - - - - 
Meint.Miscel.Eculp. 0.001 0.002 | = _ |] = - = ay oe a 
Totel Meintenence -_ | 0.011 | 0.006 = 0.014 | 0.016 = = = = 
Totel Hydro - 70.041 | 0.016 7 0.091 | 0.064 - - - - 
Dollars per Year per Kwe Cap 

Hydro Supt.é Lebor - [0.929 | 0.604 = | 83.430 | $1.342 - - - - 
Hydro’ Weter > - - - 0.070 | 0.029 - - - - 
Rydro Sup.& Expense =. | 0.123 | 0.078 = 0.750 | 0.133 - - - - 
Totel Direct - ]1.152 |] 0.682 - 4.250 | 1.503 - - ad * 
Meint. Bldgs, = [0.028 | 0.120 - 0.028 | 0.05¢ - 7 - - 
Maint.Res.& Dene - 0.023 | 0.038 - - 08: 0.224 - - - - 
eint.H.E. Equip. =- | 0.197 | 0.127 io 0.617 . 228 - o = is 
eint.Miscel.Eauip. = 0.032 | 0.039 = 0.010 | 0.008 - - = - 
Totel Maintensnce =_ | 9.352 | 0.324 - 0.735 | 0.519 = = = = 
Totel Bydro = B1.502 /$1.012 - $4.99F 1$2.022 ~ - = 7 
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cost, while those with high use factors have substantially 
higher costs. 


COMPARATIVE Costs IN HypRAULIC PLANTS 


Table III submits similar data for hydraulic plants. 
As is to be expected, the station with the largest capacity 
has the smallest unit costs and that with the smallest 
capacity the largest unit costs. Tabulated herewith are 
the low, high and mean unit costs. 7 


Cents per Kw-hr. Generated 














Low High Average 

Supt. and Labor...«.i....06 0.010 0.062 0.036 
0 ee nee 0.001 0.001 0.001 
Supplies and Exp........... 0.001 9.014 0.007 

Total Operation ......... 0.012 0.077 0.044 
Building Maint. .......... *.0.001 0.002 0.001 
Reservoirs and Dams........ 0.001 0.007 0.004 
Hydro Elec. Equip......:..0.002 0.011 0.007 
i errr 0.001 0.001 0.001 

(2 a nnnenarae 0.005 0.021 .0.013 
Total Production ........... 0.017 0.098 0.057 


Conclusions drawn from a study of the costs per 
kilowatt capacity in the previous table can be extended 
to the hydraulic stations though the paucity of the data 
forbids any definite conclusions being drawn. <A com- 
parison of the average costs of steam and hydraulic 
power is interesting as the justification of the much 
higher investment cost and higher use factor in the 
hydraulic plant is apparent. 

Costs of transmission are difficult to analyze without 
more complete data than the reports of the Public 
Service Commissions present. The ‘costs depend upon 
the mileage, the voltage, the design and the location and 
only partially on the kilowatt-hours transmitted. Table 
IV presents these costs analyzed on a basis of cents per 
kilowatt-hour sold but the cost is always relatively small 
on this basis and the variation is enormous. Companies 
number 8 and 9, have underground transmission and 
their substation expenses are enormous, so that their 
costs are not truly comparable. The true cost of trans- 
mission and distribution cannot be obtained without 
knowing the amount of electricity lost and another point 
worthy of consideration is that usually the same set of 
operators work on the high and low-tension boards, 
hence apportionment of labor charges between trans- 
mission and distribution is at best largely arbitrary. 


Basis FoR ANALYSIS OF DISTRIBUTION Costs 


Distribution in some cases adds a great deal to the 
cost of electricity. Table V presents the detailed dis- 
tribution costs in cents per kilowatt-hour sold, exclud- 
ing high-tension sales to other public utilities and sales 



























































TABLE IV. ANALYSIS OF TRANSMISSION COSTS 
1 2 3 4 § 6 i! 8 g 10 
v Tt T 
Cents rer Ewehr. Sola 
Trane.Supt. 0.9114 | 9.0193 | 0.0006 - 9.0044 | 0.9057 +9926 £95 
Bubd-3ta. Labor 0.0236 19.9974 10.9913 ~ 0.0117 - 32 
Sub-Sta.Sup.s Exp. 0.0937 |0.0009 | 0.9001 - - 9.0947 | 0.9914 | 0.0) 2) 
Cp.cf Tress. Lines 0.0006 | 0.005¢ 9.0005 = 2.0004 | 0.0%. | 0.0003 A 5 907: 
Potel Operation 0.03€3 |0.0245 | 0.0035 - 0.0004 | 0.0307 | 0.0984 | 0.2157] 0.3342 | 0. ol6e 
Msint.of Structures 0.0008 {0.0095 | 0.0002 - - 0.0021 | 0.0016 | 0.0160] 9.0036 - 
Maint.of Sub-Sta.Eouip. 0.0061 [9.0927 / 0. fe - - 0.0093 0.0048 010475 0 osa8 - 
Wrint. of Underg' d. Cond. 0.0003 - 9.0001 - - - - - ‘. 0.9006 
Meint.of Trans. Lines 0.0034 |0.0928 | 0.0708 | - 9.00) 008 - \ 10406 
Maint.of Roads etc. = 00092 = - - al he eee - aes — hens 
Totei Maintenance Q.OL0€ | 0.9963 09,0029 wmZeeee 193908) Q.0283 | 0.9062 | 0.9797] 0.0855 19.0412 
Total Tranesission 0.04S¢ |9.0:2° | 0.003. - 0.9985] 0 0497 | 0.0146 ] 0 4 D 
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TABLE V. ANALYSES OF DISTRIBUTION COSTS 
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ANALYSES OF COMMERCIAL 
BUSINESS EXPENSES 
























































1 2 3 4 5 6 ? 8 9 10 

Cents per Kwehr, Sold (Excl, P.U's, & R.%, Corps.) 
Diet. oe 0.0126 |0.0021 - 0.0368 0.0626 [0.C480 | 9.0368 |0.0366 - 9.0551 
Sub-Sta bed 0.0044 - 0.1249 |0.0665 [0.0344 | 0.9461 - - 0.0105 
Storage batteries 0.0005 - - - .0018 - - 0.0082 - - 
Op. Dist. ee 0.0026 | 0.0037 - 0.0434 /0.0578 |} 9.0281 | 0.0089 [0.2380 | 0.2310 | 0.0426 
Meters & arene! Op. 0.0323 /0.0040]_- [0.1737 {0.03¢1 /0.0505 | 0.0556 |0.0845 | 0.0500 | 0.0259 
Total Oper. 0.0360 [0.0152 - 0.3778 |0.2278 {0.1610} 0.1494 [0.2773 | 0.3610 |0.1441. 
Maint.of Struct. - 0.0002 - 0.0198 40.0017 | 0.0008 | 0.0153 - - 0.0014 
Meint.of Sub-Sta. Equip. - 0.0012 - 0.0256 [0.0215 | 0.9122] 0.0213 ~- - 0.0067 
Meint.of Stor. Batteries - - - - 9.9036 - - 
Meint.of Under. Cond 0.0023 - - 0.0073 ]0.0147 | 0.0024] 0.0047 - - 0.0014 
Meint.of Dist.Lines 0.0194 | 0.0052 - 0.6615 [0.0782 | 0.0550} 0.126¢ [0.0480] 0.0407 [0.0612 
Meint.of Services 0.0036 | 0.0010 - 0.0961 {0.0155 | 0.0110} 9.0086 |0.02¢8 | 0.0015 [0.0214 
Meint.of Trane.& Met Q.0029 | 0.0027 = 9.0161 |0.0209 | 0.0168 | 0.0 0.0047 | 0.0651 | 0.0107 
Totel Meintenance 0282 | 0.0102 = 0.8264 /9.1525 | 0.0982} 0.1976 | 0.0871 9.1073 |0.1028 
Total Distribution 0.0662 | 0.0254 1.2042 [0.3803 | 0.2592] 0.2470 |0.4644| 0.4883 | 0. 2469 

Dollars a Year Per Customer 
Diet. Supt. 0.640 | 0.875 - 0.307 41.416 [1.240 | 1.069 |O.a9¢ - 
Sub-Sta. Exp. - 1.231 - 1,042 11.500 | 0.890 etd = - one 
Storage Batteries 0.024 = pi 2 0.039 - - 0.158 - - 
Op. Diet. Lines 0.133 | 1.021 - 0.362 41.275 | 0.726 | 0.255 |4.551 8.20: 4 
Wetere 8 Trans. Op. 1,120 1.115 |_- | 1.440 Jo.875 | 1,205 | 1.612 | 1:80: Lises O17 
Total Oper. 1.916 | 4.242 - 3.151 [5.105 | 4.262 | 4.353 [7.208 [10.123 11.523 
Maint.of Struct. - 0.045 - 0.165 [0.939 | 0.021 | 0.443 9.0 
Maint.of Sub-Sta.Equip. - 0.305 - 9.222 10.506 | 0.314 | 0.618 olon 
Meint.of Stor.Batteries - - - - - - - 0.06¢ - 
Maint.of Under. Conds, 0.118 - - 0.961 40.329 | 0.063 | 0.137 - 0.015 
Meitot.of Dist.Lines 0.877 [1.468 - $.52@ 1.755 | 1.421 | 3.680 [0.935 | 1.078 [0.648 
Meint.of Services 0.179 | 0.268 - 0.890 {0.338 | 0.284 | 0.249 [0.570 041 19.226 
Maint.of Trans.8 Yet. 0.148 0.747 = 0.135 469 | 0.424 0.505 [9.990 | 2.725 [0.113 
Total Maintenance 1.432 2.848 - 6.907 3.436 2.937 5.732 11.664 2.844 1.068 
* 

Totel Distribution 3.338 | 7.090 - ho.ose 8.541 | 3.598 10.065 |8.673 [12.977 [2.611 



































to railroad corporations. In most cases, there is no 
doubt that there are additional high tension sales but 
the data as presented do not differentiate between 
high and low-tension power sales, therefore all other 
sales except as noted above are used in obtaining the 
units. As may be seen, the costs vary all the way from 
0.025 cent to 1.204 cent which is an enormous spread. 
It known that company number 2 with the lowest 
figure has very little distribution, most of its energy 
being sold at high tension or at least to municipalities 
so that there is little distribution to run this cost up. 
Company number 4 is a suburban company with a large 
overhead network and the maintenance is enormous. 
Neglecting these two companies, the following range and 
average is obtained: 


Cents per Kw-hr. Sold 

(Exel. P.U. ete.) 
High 
0.0651 
0.0665 


0.3310 
0.0945 


0.5571 


Average 
0.0388 
0.0333 
0.1668 
0.0584 
0.2973. 


Distr. Supt. 
Sub-Sta. Exp. ....... ‘ck ae 
Se a ee 0.0026 
Meters and Trans......... 0.0223 


Total Operation 





Maint. of Struct......... 0.0008 
Maint. of Sub-Sta. 
Maint. of Underg’d Conds. .... 
Maint. of Dist. Lines... ..0.0194 
Maint. of Services........ 0.0015 
Maint. of Meters 

TR. . crcadiiwacawenn 0.0029 

Total Maintenance . 
Total Distribution 


0.0198 
0.0256 
0.0147 
0.1269 
0.0298 


0.0103 
0.0162 
0.0074 
0.0732 
0.0157 


0.0340 
0.1568 
0.4541 


0.0651 


0.2819 
0.8390 





Tabulation by dollars per customer per year, as is 
done in the second part, yields much smaller variation 
and theoretically is quite sound. It is interesting to 




















TABLE VI. UTILIZATION COSTS ANALYZED IN CENTS PER 

KILOWATT-HOUR 

“ 3 4 5 ~5 7 8 9 10 

T T T T 1 
Cents per Kwehr. Sold for Municipal Light 

Commercial Lemp Op. - - - - 0.1410 | 0.9153 | 0.9507 0.2150 
Cons. Inetall 0.8955 | 2.1570 1.2155 | 0.4585 | 2.1450 a 667§ | 3.0640 | 4.6550 | 4.1900 
Munic,&t. Le: PD. 0.4217 | 9.3670 1.1220 | 9.4400 | 0.5265 | 0.3655 | 1.2195 | 0.9945 | 2.0000 
Meint.of Soum.Lets - ©.0067 0.0016 
Weirt.of yunic.st. Irts. 0.3309 | 0.5930 0.0117 | 9.4809 6375 | 0.7950 [9.7525 |0.5985 | 0.5905 
Miscelleneoue 0.0389 
Total 1.£245 | 1.2270 2.3422 | 1.3852 | 3.4490 | 1.8442 5.0867 16.2480 | 6.9955 

































































1 2 3 4 5 6 ? 8 9 10 
+ T t 
Per cent of Oper. Reve 
Commercial Gen. Lebor 1.280 | Oct17€] 0.233 | 1.328 0.680 | 0.776 | 0.714 | 0.455 1.237 | 1.271 
Commercial Books & Contr.| 0.974 | 0.214 - 0.9¢4 | 0.575 | 0.505 | 0.945 | 3.200 | 0.964 | 3.320 
Com.Meter Read.@ Col 0.445 0.355] 0.046 0.687 0.205 . 46: 0.882 | 1.263 1.042 | 2.335 
Commercial Sup.é& Exp. 0.376 | 0.102} 0.022 | 1.140 | 0.627 | 0.615 | 0.728 | 0.696 | 0.001 | 0.420 
Agents Commission = "| aes) pemekan| Panel By ee Pe Pee, 
Total Commercial 2.075 | 1.003] 0.301 | 4.149 | 2.789 | 2,361 | 3,270 | 5.614 | 3.244 [6.346 
New Business Galeries 0.250 | 0.03¢] 0.037 | 0.352 | 0.176 | 0.270 | 0.358 | 0.300 | 0.773 | 0.134 
New Business Expense 1.760 | 1.061] 2.135 - 59 0.821 | 0.965 | 2.515 2.760 
Totel New Business 2.010 | 1.120] 1.172 | 1.860 | 1.767 | 1.091 | 1.323 | 2.815 | 3.686 | 2.896 
Comm'1.& New Business 4.085 | 2.123] 1.373 | 8.00 | 4.556 | 3.452 | 4.593 | 8.429 | 6.942 | 9.240 
Dollars per Customer per Year 
Commercial Gen. Labo: 0.201 |$0.441/$22.60 |$0.954 80. as ##O.761 |$0.531 [#0.410 [@1.160 90.677 
Commercial Books ¢ Contr 0.697 | 0.774 - 0.713 0.45 | 0.701 | 2.880 | 0.901 [2.231 
Com.Meter Read.& 1 0.320 | 0.875] 18.20 0.404 °: 738 0.456 | 0.656 | 1.139 | 0.981 [1.2462 
Commercial Sup.& Exp 0.262 | 0.252] 8.60 0.817 | 0.50: 0.605 | 0.542 | 0.626 | 0.001 [0.223 
Agents Commission 0.130 a, a eee fo | 0 J 
Total Commerciel 1.487 | 2.472/119.40 2.277 | 3.233 | 2.317 | 2.430 | 5.055 | 3.043 [3.372 
New Business Saleries 0.179 | 0.025] 14.80° | 0.252 | 0.141 | 0.284 | 0.267 | 0.289 | 0.727 |0.071 
New Business Expense 1.264 | 2.661)452.00 2.082 | 1.276 | 0.806 | 0.712 | 2.260 | 2.760 /|1.471 
Totel New Businees 1.443.] 2.756/466.80 1.333 | 1.417 | 1.070 | 0.986 | 2.529 | 3.487 |1.542 
Comm'1.4 New Business 2.930 ap cg $.310 | 3.650 | 3.367 [| 3 416 | 7.564 | 6.530 [4.014 














note that thé two companies which were out of line 
when compared on the previous basis pull into their 
proper place using this classification. The range and 
mean values are tabulated below: 


Dollars per Year per Customer 
High 
$1.416 


Average 
$0.862 


Low 
. .$0.307 


Distr. Superintendence 


Sub-Sta. Expense ....... 0.110 1.500 0.805 
Oper. Trans. Lines....... 0.132 4.551 2.342 
Meters and Transf....... 0.274 1.803 1.038 








Total Operation ......$0.823 $9.270 $5.047 
$0.443 


0.506 


$0.229 
0.288 


of Structure...... $0.015 
of Sub-Sta. Equip.. 0.071 


Maint. 
Maint. 


Maint. of Underg’d Cond. 0.015 0.329 0.172 
Maint. of Dist. Lines.. 0.048 5.524 2.781 
Maint. of Services..... ... 0.041 0.800 0.421 
Maint. of Meters and 

SDR oat eA eae ss 0.090 Ens 0.907 





$9.327 
$18.597 


$4.798 
$9.845 


Total Maintenance ....$0.280 
Total Distribution ....... $1.103 


Utilization is the work which the utility does on the 
customers’ premises and usually consists in the main of 
municipal street lighting. Table VI presents these costs 
analyzed in cents per kilowatt-hour sold for municipal 
street lighting. Obviously those costs which have noth- 
ing to do with municipal street lighting will not be 
comparable with one another but this is the best basis 
of comparison which was found and was therefore pre- 
sented in lieu of anything better. 


Cost or CARRYING ON ‘BUSINESS 


Commercial costs are those costs incident to carrying 
on the business and consist of those egsts of meter read- 
ing, bookkeeping, collecting, ete. New business expenses 
are those costs of promoting and increasing business. 
Table VII shows there costs on the two most common 
bases; per cent of operating revenue and dollars per 
year per customer. 

It is seen that the commercial costs vary when com- 
pared on any basis but rather less on the later method. 
Company number 3 is obviously not comparable. Neg- 
lecting the metropolitan company number 8, which has 
an extremely high cost for books and contracts, the fol- 
lowing figures are obtained: 











Dollars per Year per Customer 


Low High Average 


Commercial Gen. Labor. . .$0.201 $1.160 $0.681 
Commercial Books and 


PN. .08 eerie 0.460 1,231 0.845 
Comm’] Meter Read and 

DE erenakidsebevad 0.320 1.241 0.781 
Comm’! Supplies and Exp. 0.001 0.817 0.409 
Agents’ Commissions ..... 0.130 0.065 





Total Commercial ....$0.982 $4.579 $2.781 


The new business costs vary considerably no matter 
how you compare them. The figures below show the 
variation on both bases: 














Per Cent of Operating 
Revenue 

New Business Salaries........ 0.037 0.773 0.405 
New Business Expense........0.821 2.925 1.873 
Total New Business........ 0.858 3.698 2.278 
Dollars per Year per Cost 

New Business Salaries........$0.07 $0.73 $0.40 
New Business Expense........ 0.72 2.76 1.74 
Total New Business....... $0.79 $3.49 $2.11 


It appears that, generally speaking, the new busi- 
ness costs are best compared on the per cent of revenue 
basis. 

The general and miscellaneous and other expenses 
are not here presented because they are practically im- 
possible to find a unit for and also because the policy 
of the managing company determines the amount of this 
charge. 


They Use Man-Size Coffee Pots 


in Texas 


ETWEEN the intensive cross fire of verbal battle 
between those water treatment experts who main- 
tain that a boiler is not a chemical retort and feedwater 
should be treated before entering the boiler and those 
experts who maintain that treatment should be directed 
at the boiler water itself, where reactions can take place 
under operating conditions, are a large number of prac- 
tical men who are getting good results from both 
methods and many more who are looking at the question 
a trifle more broadly and using both methods together. 
Of course, the condition of natural waters as in- 
fluenced largely by local geological conditions has an 
important bearing on the subject. In parts of West 
Texas, all natural waters have a high gypsum content 
which leaves a dense white deposit on boiler tubes and 
in boiler feed lines. 

In some places, it is said facetiously that the mineral 
content is so high that, under proper weather condi- 
tions, water is taken out in blocks or lumps similar to 
open pit mining. Many plants find it advisable to force 
the water into the boiler under heavy pressure with a 
special gun similar to a grease gun used for handling 
heavy greases. 

Conditions may not be as bad as painted, of course, 
as rumor has a tendency toward exaggeration. There 
may be more than a grain of truth, however, in the 
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story that in the early days one of the railroads through 
that section paid a large part of its boiler main- 
tenance charges by periodically removing its boiler 
tubes, cutting them into six foot lengths, chipping off 
the metal covering and selling the remaining white 
cylinders to the ranchers for fence posts. This satis- 
factorily answered the artistic requirements of the 
populace in a district far removed from suitable deposits 
of marble. Of late years, the oil boom has overshadowed 
everything else causing the demand for decorative fence 
posts to fall off to.a point where the railroads now find 
it advisable to treat the feedwater chemically in order 
to reduce tube replacements to a minimum. 

This problem of chemical treatment is of some im- 
portance although it has been solved in some plants 
quite successfully by simple means. In one such plant 
where the water is so thick with gypsum that the en- 
gineer screws in eyebolts with which to handle it, he 
admits under questioning that he has had no scale 
trouble for ten years. 

‘‘What! impossible!’’ you say, reaching down into 
his open supply tank, picking up a handful and-slinging 
it at the wall where it sticks like a piece of wet putty. 
Much questioning, some persuasion and a few samples 
from the reagent bottle of the ever helpful chemist, 
which, by the way, after taking most of the skin from 
your throat, is found to be only ‘‘pretty fair water for 
these parts,’’ brings forth the secret. 

‘“Yep! every Monday morning—3: lb. ground fine— 
10 yr. No seale—clean as a whistle every time she’s 
opened. Discovered it one day batching—noticed the 
tea kettle all scaled up—coffee pot clean. What kind! 
Don’t reckon it makes any difference to her—coffee’s 
coffee to a boiler—but I like good coffee and it’s mighty 
handy to blow down the glass and have a cup of hot 
coffee with my dinner. Mostly they don’t believe me 
when they’s sober and don’t remember when they’s not 
so I don’t like to tell about it.’’ 

All of which shows that a good engineer will find 
away. It does not always meet the approval of experts; 
in another plant, it might be useless or even dangerous 
to use but you must admit that it’s mighty handy to 
go over to the water column blowdown and draw off a 
cup of coffee to go with your midnight sandwich. 
‘‘Them that has does and them that hasn’t, drink 
water.”’ 


PUMPS SHOULD always be installed over a rigid 
foundation and fitted with a short direct suction pipe 
of a size as large or larger than the discharge pipe. The 
suction lift should never exceed 15 ft. and should be 
as much lower than this as possible. With warm water, 
this must be decreased considerable and boiler feed 
pumps handling hot water should be located so that 
water flows to them under a considerable head. 

Provision should always be made for priming cen- 
trifugal pumps by one of several ways: by locating the 
pump below the suction supply, so that it will fall by 
gravity; by exhausting the casing with an ejector or 
vacuum pump, or by use of a footvalve. If the foot- 
valve is tight, the pump will stay primed for long 
periods but provision should always be made for filling 
the pump and suction line with water from another 
source in case the valve leaks or gets plugged. 
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Refrigeration — Its Relation to 





the 


ELECTRIC [INDUSTRY 


EFRIGERATION, 

like so many of 
the other conveniences 
of modern life, is ac- 
cepted by the average 
individual largely as a 
matter of course. He 
realizes, dimly, that 
there is such a process 
as refrigeration but as 
to its nature, its appli- 
cation in modern life or 
the extent of its use, he 
knows little or nothing. 
Refrigeration in the 
home has been enjoyed 
for so many years that 
its service is taken for 
granted and little no- 
ticed in the general life 
at the present time. It 
receives nO more con- 
sideration than an occa- 


By A. J. AUTHENRIETH 


Vice-President, Middle West Utilities Co. 








A. J. AUTHENRIETH, Vice- 
President of the Middle West 
Utilities Co., in charge of ice 
and refrigeration, made his 
first connection with the ice 
and refrigeration industry as 
plant engineer for the Mat- 
toon (Illinois) Ice and Cold 
Storage Co. in 1896. In 1898, 
he was made chief engineer 
of the municipal light plant of 
the same city and in 1902 
went to the Twin City Ice 
and Cold Storage Co. at 
Champaign, Ill. Returning 
to the Mattoon Heat, Light 
and Power Co. in 1903 as 
chief engineer he remained 
with that company until its merger-with the newly formed 
Central Illinois Public Service Co. in 1910. In the capacity 
of chief engineer, Mr. Authenrieth was with the latter com- 
pany until 1917 when he came to Chicago as ice and refrig- 
eration engineer with the Middle West Utilities Co. and in 
1925 became vice-president. He has managed the construc- 
tion or reconstruction of more than 220 ice and cold storage 
plants in 12 states. 











storage awaiting final 
distribution, refrigera- 
tion keeps it in perfect, 
healthful condition. 
Consider the milk 
supply for a large city. 
For cities such as New 
York or Chicago, this 
comes from an area hav- 
ing a radius of three or 
four hundred miles. 
Milk is an exceedingly 
perishable food; its 
wholesomeness depends 
largely in keeping the 
bacteria count low. With 
present day distribu- 
tion methods, from the 
time the milk is deliv- 
ered to the railroad cars 
or the creamery by the 
farmer, until the bottled 
product is placed in our 





sional passing thought. This unconcern, of course, is 
not confined merely to refrigeration but to such other 
important things as his telephone, his electric light, his 
water supply system, etc. Yet, there are few things in 
life today, which, if taken away, would be missed more 
than would refrigeration. 

Refrigeration today is one of the most important 
factors in safeguarding the health of the nation. It 
safeguards our food supply from the time it is produced 
on the farm or in the packing house or creamery to the 
instant it is placed before us on the table. All along 
the line—in its preparation, during its shipment and in 





home refrigerator by the milkman, it is kept, by means 
of refrigeration, at a temperature low enough to keep 
the bacteria count below a safe maximum. Without ice. 
or refrigerating machinery, the distribution of milk in 
the summertime to millions of people living in cities 
would be virtually impossible. What is true of the city 
man’s milk supply is likewise true of his meat, his green 
vegetables and his sea foods. 

While refrigeration is of inestimable benefit to the 
city dweller, it is also of benefit to the farmer; in many 
cases, more so, for in certain sections of the country 
the farmer’s very existence depends upon the possibility 
















FIG. 1. 


TYPICAL MODERN ICE PLANT, WITH ELECTRI- 
CALLY DRIVEN EQUIPMENT 


of refrigeration. Refrigeration acts as a stabilizing 
factor in the agricultural industry and permits mass 
production of certain perishable foods which without 
refrigeration would be economically infeasible. Certain 
foods are adapted to production in certain localities or 
climates. Among these are oranges, grapefruits and 
figs. Other fruits and vegetables can be grown in nearly 
every locality in this country during suitable season 
but because of their adaptability to certain combina- 
tions of climate and soil, their growth in mass produc- 
tion has been confined to certain definite areas. Local- 
ized production of this character is carried out on a 
seale such that no nearby market could possibly absorb 
the products, hence without refrigerated transportation 
which permits their shipment to distant markets, this 
mass production of fruits and vegetables would not 
exist. 

This aspect of refrigeration is therefore of great 
economic significance, since it permits the development 
of remote regions and thus contributes to add to the 
total wealth of the nation. 

APPLICATION OF REFRIGERATION 

In considering the application of refrigeration in 
modern life, the subject divides itself into four main 
divisions. 

1. Refrigeration in transportation. 

2. Cold storage. 

3. Commercial ice manufacture. ‘ 
4. Domestic and small commercial refrigeration. 
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That refrigeration has become an exceedingly im- 
portant factor in the transportation of perishable foods 
may be judged from the fact that in 1928 the ice re- 
quired to cool the 1,083,000 refrigerator cars filled with 
fresh fruits and vegetables amounted to 13,645,800 t. 
The packing industry alone shipped some 300,000 ecar- 
loads of meat products under refrigeration, and this 
increases every year. From the center of this industry 
in Chicago, shipments go to all parts of the world. Be- 
cause of refrigerated railroad cars, markets have been 
widened to the greatest possible degree; those living in 
small towns are able to supply their tables in the same 
manner as the large city dweller. 

Then there is the transportation of fresh fruits and 
vegetables, as well as dairy products. Before the advent 
of refrigerator cars, fresh vegetables could be obtained 
only when they were in season. Today, the lettuce or 
celery found on your table throughout the year is 
brought from Florida or Texas or from the Imperial 
Valley in California, kept fresh by ice in refrigerator 
ears. In coming from the Rio Grande Valley to 
Chicago in the summer, such ears use from 8 to 16 t. 
of ice. In the past 10 yr., the loading of cars of domestic 
fruits and fresh vegetables has more than doubled. 


The use of refrigeration on shipboard in carrying 
fruits from the tropics need only be mentioned. The 
success of the great United Fruit line is based entirely 
upon the possibility of refrigeration in transit. Most 
important of the tropical fruits used in this country 
are bananas. Of these alone, some 64,000,000 bunches 
a year are shipped to the United States under refrigera- 
tion, most of which come from Central and South 
America. Other tropical fruits are shipped under 
refrigeration from Hawaii and the West Indies. Even 
eggs—and this is a fact not generally known—even eggs 
are shipped from China. Each year hundreds of thou- 
sands of eggs are shipped in bulk in cans from China 
for use in this country by the baking and confectionery 
trade. 


CoLtp STORAGE 


Closely related to the use of refrigeration in trans- 
portation is the keeping of perishable foods in cold 
storage. The central idea of all cold storage is to pro- 
vide a reservoir to keep perishable products from the 
season of production when there may be an oversupply 
to a season of non-production, when the demand exceeds 
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This function is the basis of the greater 
In certain 
industries, however, such as the packing industry, cold 
storage is a necessary factor in preparing the com- 
modity produced for transportation and sale. 

From the small beginning some 40 yr. ago, the cold 
storage warehouse business has grown to one of con- 


the supply. 
part of the cold storage industry today. 


siderable magnitude. At- the present time, the total 
amount of cold storage space in both private and public 
plants:is some 731,377,000 cu. ft., an inerease of over 
400 per cent in the last 27 yr. Notwithstanding this 
great increase, the need for more cold storage space 
continues to grow. 

Cold storage is one of the most necessary require- 
ments of the modern city. Without it, we could not 
live in our accustomed comfort and health. It is illogi- 
eal to assume, therefore, that a saturation point has 
been reached in its development. As people become 
more conscious of its value, more cold storage space will 
be required. Even today, new cold storage plants are 
being built in all parts of the country. Here we read 
of a new 2,000,000-cu. ft. storage in Philadelphia for 
the Pennsylvania Railroad. Another dispatch an- 
nounces the completion of a 4,600,000-cu. ft. storage in 
Houston, Texas. Still another report, gives details of 
a proposed 2,000,000-cu. ft. plant at San Francisco. The 
development is general, it is not localized. 

Years ago, when cold storage was first beginning to 
develop, lack of knowledge as to proper methods in- 
volved in keeping products in storage brought about a 
reduction in the quality of the food stored. Naturally, 
the public being sold these products developed a dislike 
for cold storage product, particularly when such prod- 
ucts were often sold as strictly fresh. This deception 
was unfortunate and could not long persist. As scien- 
tifie methods were introduced and more attention was 
given to the proper time of harvesting products and 
handling them in transit, the fresh quality of the prod- 
ucts was maintained. Also, cold storage products were 
sold as such. The result was that the confidence of the 
public was regained and today it has largely lost its old 
dislike for cold storage products. This will further the 
future growth of the industry. 

According to the figures of the U. S. Dept. of Agri- 
culture, the average cold storage holding time of eggs 
is 5.91 months; dressed poultry, 2.42 months; butter, 
4.43 months; beef, 2.28 months; mutton, 4.45 months; 
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FIG. 3. 
CO. AT KANSAS CITY, MO. ICE MAKING CAPACITY, 240 T. 
DAILY. REFRIGERATING CAPACITY, 1100 T. AND STOR- 
AGE CAPACITY, 6,000,000 CU. FT. AVERAGE YEARLY 
VALUE OF COMMODITIES IN STORAGE ABOUT $3,000,000 


THE NEW PLANT OF THE U. S. COLD STORAGE 




















FIG. 4. AN ICE SERVICE STATION AT POPLAR BLUFF, MO. 


and pork, 0.88 month. The volume and time of peak 
storage of various commodities from data of the same 
source is given as follows: 


Commodity Peak Amt. in Stge. Month of Peak 
PI i 6-65 exes 9,000,000 barrels December 
i 00 8454 6% 10,000,000 cases August 
Frozen Eggs .... 50,000,000 pounds July 
Frozen Poultry .. 124,000,000 pounds February 
Frozen Beef ..... 84,000,000 pounds January 
Frozen Pork ..... 190,000,000 pounds May 

Cured Pork ...... 610,000,000 pounds May 


While the cold storage industry using mechanical re- 
frigeration has grown by leaps and bounds, the com- 
mercial ice industry has not been idle. 


Tue Ice INDUSTRY 


The Department of Commerce report released early 
this year shows that in the 3200 plants reporting the 
1927 production of ice totaled 40,035,920 and had a 
value of $183,090,701. The 3200 plants which com- 
prise this report are less than 50 per cent of those listed 
in the Ice and Refrigeration Blue Book which lists 7300 
plants making ice for sale. It has been estimated that 
the total production of ice, manufactured and harvested, 
for all purposes in 1928 was approximately 72,000,000 t. 
Of this, 11,000,000 t. were harvested from lakes and 
rivers, leaving the total amount manufactured as 
61,000,000. Since 13,900,000 t. of this were used for 
icing cars, the total amount manufactured for com- 
mercial and domestic consumption was 58,100,000 t. 

There are approximately 7300 ice plants in the 
United States. Of this number, 32 per cent are steam 
driven, 59 per cent electrically driven and the remaining 
9 per cent oil or gas engine driven. Thus, over half of 
all the ice plants in this country are electrically driven, 
a fact of particular interest to the electric utility 
executive. 

This proportion between the number of electrically 
driven and steam driven ice plants is steadily increasing 
in favor of the former and in the future we may expect 
a still further increase. At the present time, very few 
ice plants are built that are not electrically driven. 

This trend toward the use of electric power for the 











manufacture of ice is not due to any particular effort 
on the part of the electric power companies but is a 
natural trend brought about by the changes in the ice 
making process—that is, to the advent of fresh water 
ice. 

In the’early days of refrigeration, practically all of 
the ice made was made from distilled water. The dis- 
tilling removed the air and dissolved minerals from 
the water and gave a relatively clear ice which was 
desired to compete with the clear ice of northern lakes. 
Such plants, naturally, were most suitably driven by 
steam engines, since the exhaust steam, after being 
passed through a condenser, produced the distilled water 
needed for ice making. Boilers were needed regardless 
of whether the compressors were steam or electrically 
driven, so it was logical to drive such plants with steam 
engines. 

Later experimenting, however, proved that distilled 
water was not necessary to make clear ice. It was 





INTERIOR OF ANOTHER ELECTRICALLY 
OPERATED ICE PLANT 


FIG. 5. 


found that by suitably agitating the water while freez- 
ing by air agitation, clear ice could be produced from 
ordinary fresh water. This simplified matters consider- 
ably and it eliminated the necessity of boilers and steam 
condensing apparatus. Since boilers were thus rendered 
unnecessary, there was no particular advantage in using 
engines in places where electric power was available, 
which resulted in an immediate increase in the number 
of electrically driven ice plants. Today, practically all 
new plants built make fresh water ice, a fact which has 
favorably affected the sale of electric power. 


PowrER REQUIREMENTS FOR MECHANICAL REFRIGERATION 


Naturally, the power requirements of an industry 
with the proportions of the refrigeration industry are 
considerable, and from this standpoint of direct interest 
to the electric power companies. Regardless of what 
branch of the field is considered, whether it be cold 
storage, ice making or transportation, power is a neces- 
sary commodity and since the advent of fresh water ice, 
this power is most advantageously supplied by the elec- 
trie utility. Furthermore, the characteristics of the 
refrigerating load are such as to make it very desirable 
to the power companies. 

On the basis of 731,377,000 eu. ft. of cold storage 
space in the country and assuming a nominal rate of 
60 kw-hr. per 1000 cu. ft. per month, the power used in 
providing cold storage totals 526,591,440 kw-hr. per 
month. This, of course, represents both steam and elec- 
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trically driven plants. Percentage figures are not avail- 
able but if we assume the same proportion of the total 
to be electrically driven as is the case in the ice making 
field, i. e., 59 per cent, then the annual electric power 
consumption of cold storage plants amounts to 310,- 
688,600 kw-hr., certainly no insignificant figure. 

This is for cold storage only; for commercial ice 
manufacture, considerably more power is required as 
will be shown. 

As previously mentioned, there are about 7300 ice 
plants in the country, 59 per cent of which are elec- 
trically driven. If we assume the same percentage of 
the total production (61,000,000 t.) for these plants, 
we find that 36,000,000 t. of ice were produced in elec- 
trieally driven plants. Using an average figure of 62 
kw-hr. per ton of ice, the total electric power used by 
ice plants in 1928 was 2,232,000,000 kw-hr. 

Besides these, there is the domestic and small com- 
mercial refrigerator field, which is increasing in extent. 
While no accurate figures are available, the total of these 
units in houses and small stores is estimated at around 
900,000. Machines of this class may be considered to 
consume 700 kw-hr. per yr., providing for the total of 
900,000 a load of 630,000,000 kw-hr. 

Small commercial installations are those used in 
dairy, ice cream plants. Refrigeration in these plants 
is used mainly in manufacturing processes and at the 
present time aggregates more than 80,000 t. Besides 
there are the refrigerating plants in meat markets and 
stores, which, though small in themselves, total almost 
18,000 installations. With a total of 159,720 t. of 
refrigeration, these small commercial installations, 
figured on a 33% per cent load factor, consume 
584,575,000 kw-hr. per yr. ; 


SaLE oF PoWER FOR REFRIGERATION BY ELECTRIC 
UTILity 


It is evident from a consideration of the above esti- 
mates that the refrigerating industry as a whole pro- 
vides a load of considerable magnitude for the electric 
utilities—one which it will pay the companies to en- 
courage. As already mentioned, regardless of what 
branch of the field is considered, power is required and 
this power can be advantageously supplied by the public 
utility companies. 

In recent years, the sale and use of the household 
type of electric refrigerator has increased tremendously, 
some 900,000 being in operation. Per unit of refrigera- 
tion produced, these small refrigerators consume con- 
siderably more current than do the commercial ice and 
cold storage plants. The total amount of load furnished 
by these units is considerable and it is of a character 
which in most cities comes without effort on the part of 
the power sales force. 

While the amount of current used per unit of 
refrigeration is much greater for the small refrigerator 
than it is in the commercial ice plant, it must be remem- 
bered that the commercial ice plant load is always a 
much larger proportion of the total load available than 
the domestic load. Both fields, therefore, are worth 
cultivating. 

As a customer of the electric power company, the 
refrigerating industry as a whole is very desirable. 
Not only does it consume a great deal of power, but in 
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doing so it makes no unusual demands of service. The 
load is steady throughout the entire 24 hr. of the day 
and is particularly free from peaks. Furthermore, it 
is heaviest during the summer months, when the demand 
on the central station is at its lightest point, thus im- 
proving the yearly load factor of the system. 

There is another advantage, however, in carrying 
refrigerating load, and that has to do with power factor. 
During recent years, the synchronous alternating cur- 
rent motor has come into extensive use in refrigerating 
plants, for driving the main compressors. The syn- 
chronous motor is ideally adapted to this service as its 
speed is steady and not affected by voltage fluctuations. 
To the power company, however, the use of the syn- 
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Last year, 1928, the electric energy generated by the 
electric power companies aggregated 83,100,000,000 
kw-hr. The refrigerating industry, therefore, consumed . 
4.5 per cent of the total. Yet in spite of the enormous 
power consumption of this major customer of the power 
industry, with nearly one million installed horsepower, 
the refrigerating industry fails to find classification 
separately in the table of electrification of industrial 
groups in the statistical section of the N. E. L. A. hand- 
book published last year. It would seem well worth 
while for the utilities to pay increased attention to the 
refrigerating industry as a source of desirable load. 

While the industry has grown steadily during the 
past 10 or 20 yr., future growth should be even more 








FIG. 6. 


chronous motor is also desirable because its leading 
power factor characteristics tend to improve the power 
factor of the entire system. 


AMOUNT OF REFRIGERATING LOAD AVAILABLE 


From what has been said in the foregoing, it is evi- 
dent that the refrigerating industry offers an excellent 
opportunity for load building to the central stations. 
The commercial ice industry alone, consuming 2,332,- 
000,000 kw-hr. uses more than 3 per cent of the total 
output of the electric light and power industry. While 
its growth in the past has been remarkable, the possi- 
bilities of the future are even more so. More and more 
steam driven plants will be converted to the use of 
electric drive, as the equipment in them approaches the 
end of its useful life and improved methods of water 
treatment will make electric drive possible in locations 
where the condition of the fresh water demanded dis- 
tillation and steam drive. 

Under a previous heading, we estimated the amounts 
of electric power used annually by the various branches 
of the industry. Let us combine them and see what 
the total amounts to: 


Ce SDs eins « icazase nee 310,688,000 kw-hr. 
ia is 5 Haag SES Sie HRS 2,232,000,000 kw-hr. 
Small electric refrigeration....... 630,000,000 kw-hr. 
Moderate size commercial installa- 

I ik oa 5 4 cares bind aed earee 584,575,200 kw-hr. 


Pe er ee eT 3,757,263,200 kw-hr. 














A FLEET OF ELECTRIC DELIVERY TRUCKS OPERATED BY AN ICE PLANT 


rapid. The sale of the small electric refrigerator con- 
tinues in increasing volume. Electrification of existing 
steam drive ice plants goes on apace. 

The sale of large refrigerating machinery was 
greater in 1928 than in any preceding year while indi- 
cations point to a 20 per cent increase over this during 
1929. The peak, if there is a peak, will be far in the 
future. 


New ENGLAND Power AssociATION, Worcester, Mass., 
will push construction this summer on its proposed 
hydroelectric power development at Fifteen-Mile Falls, 
on the Connecticut River, vicinity of Monroe, N. H. 
Work on power dam was begun a few months ago; two 
such dams will be constructed, each 175 ft. high; the 
lower dam will create a lake approximately 8 mi. long, 
while the upper dam, at the head water of the lower 
reservoir, will form a second lake, approximately 12 mi. 
in length. The combined capacity of this 20-mi. water- 
way will total more than 91,000,000,000 gal. Two power 
houses, to be constructed, will be equipped for a gross 
output of about 300,000 hp. Energy will be generated 
at 13,800 v. and stepped-up to 220,000 v. for long dis- 
tance transmission, the project to include the construc- 
tion of steel tower lines for connection with present 
system. A large switching station will be built in the 
vicinity of the plants. Construction work will be under 
the direction of the Connecticut River Development Co., 
an affiliated organization. 





POWER PLANT 


ENGINEERING 


June 1, 1929 


Pulverized Lignite Is a Successful Fuel 


ALTHOUGH MANY IMPROVEMENTS WILL DoustTLess Be Maps IN Burnine THIS FvEL, IT 
Is Bering Usep Now as A Bower Fuew with Great Success. By Epwarp P. Price 


N ACCOUNT of the rapid growth of the city of San 
Antonio, Texas, and the surrounding community, 
it became necessary for the San Antonio Public Service 
Co. to consider the erection of a new plant. It was 
necessary to build on a new site so that sufficient cooling 
water could be available for condensers. Also it was 


tion Co., Combustion Engineering Corp. and the Texas 
Power and Light Co. 

As a result of these tests, it was decided to design 
the new plant to burn powdered lignite exclusively; 
and the Texas Power & Light Co., who also had plans 
for a new plant at Trinidad,* Texas, decided upon the 


desirable so that a strictly modern plant could be con- 
structed without being hampered with existing equip- 
ment that was obsolete. After considering several loca- 
tions, it was finally decided to build the new plant on 
the Comal River in the city of New Braunfels, Texas, 
a distance of about 30 mi. from San Antonio. 

This river is fed entirely by springs and has its 
source about one-quarter of a mile from the plant site. 
The maximum variation of the river water temperature 
at the plant is from 72 to 77 deg. F. Since it is clear 
and free from objectionable matter, and since no cir- 
culating pumps were needed on account of the location 
being at a fall in the river, the site was thought to be 
ideal. The question of a suitable fuel was then con- 
sidered and although gas and oil are available in this 
district, it was decided to investigate the burning of 
lignite in powdered form on account of the abundance 
and cheapness of this fuel. 

Lignite had been burned, with varying degrees of 
success, on grates but little was known about burning 
it in powdered form. Since the San Antonio Public 
Service Co. and the St. Paul Gas Light Co. were at 
that time both properties of the American Light & Trac- 
tion Co. it was decided to ship about ten car loads of 
Texas lignite to St. Paul, Minn., to be burned on a 
test at the Island Station of the St. Paul Gas Light Co. 
This plant was built to burn a bituminous coal screen- 
ings in powdered form and the object of the test was 
to determine what changes in plant design were neces- 
sary for the burning of powdered lignite. Representa- 
tives were present from the American Light and Trac- 








COMAL STATION STANDS LIKE A FAIRY CASTLE 
IN ONE OF THE BEAUTY SPOTS OF TEXAS 


BIG. 1. 


same fuel. The first installation at the Trinidad plant 
was to consist of four 2000-hp., 400-lb. Babcock & 
Wilcox boilers, two 20,000-kw. General Electric turbines 
and the necessary auxiliary equipment. That at the 
New Braunfels plant, known as the Comal Power Plant, 
was to consist of two 2000-hp., 400-lb. Babcock & Wilcox 
boilers, one 30,000-kw. Westinghouse turbine and the 
necessary auxiliary equipment. The construction was 


*See Power Plant Engineering, May 1, 1928, page 520. 





Epwarp P. Price, results engineer of the Comal Power Plant of 
the San Antonio Public Service Co., was born in Weatherford, Texas, 
in 1895. Following his graduation from the University of Texas in 
1921, with the degree of Bachelor of Science in electrical engineering, 

_he went to the University of Illinois as an instructor in the depart- 
ment of electrical engineering, at the same time working for his 
Master’s Degree, which he received in 1923. For a year he was an 
instructor of electrical engineering in the University of Washington 
and in the fall of 1924 joined the staff of the San Antonio Public 
Service Co. in charge of the electric meter department in San Antonio. 
In the spring of 1926 while the Comal plant was still under con- 
struction, he was transferred from the meter department at San 
Antonio to the position he now holds at New Braunfels. 
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started at the Comal Plant in the summer of 1925 and 
the plant was completed in the fall of 1926. In order 
that a better idea may be had of this plant in general 
a brief description of the equipment will follow in which 
effort will be made to show the interrelation of the 
various units. 

Lignite is brought to the plant in hopper bottom 
cars which are dumped into the track hopper or put in 
the yard storage by a steam crane according to demand. 
An apron conveyor takes the coal from the bottom of 
this hopper and delivers it to the crushers located just 
inside of the building and just below the ground level. 
The coarse coal coming from the first crusher passes to 
the second crusher and the largest pieces of crushed 
coal are about nut size. The coal from the crushers 
goes to a skip hoist through an automatic loader, and 
is then carried to the top of the building where it is 
dumped onto a belt conveyor. The belt conveyor is 
equipped with a magnetic separator for the capture of 
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PULVERIZED -.. 
COAL BUNKER 


CROSS SECTION OF THE COMAL STATION OF THE 
SAN ANTONIO PUBLIC SERVICE CO. 


FIG. 2. 


tramp iron, and the coal is unloaded into any one of 
three raw coal bunkers. The above equipment, with 
the exception of the bunkers, was furnished by the 
Link-Belt Co. 

Below each raw coal bunker, Fig. 2, is a dryer which 
consists of a series of steam grids or radiators through 
which the coal slowly passes on the way to the mill. 
Air is drawn through the heated coal, and from 4 to 6 
per cent of the moisture is removed in this way. Below 
each dryer is a Raymond mill that has a capacity of 
about fifteen tons per hour, and the fineness of the coal 
leaving the mill is shown by the accompanying fineness 
test. 

FuRNACES WATER COOLED 

Powdered coal is floated away from the mills by air 
and the air and coal are separated in cyclone separators. 
The air is returned to the mills and the coal passes out 
of the bottom of the separators into screw conveyors 
which transfer it to the powdered coal bunkers. Cyclone 
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FIG. 3. SIDE WALLS OF THE ORIGINAL FURNACES WERE 


PARTIALLY COVERED WITH FIN TUBES 


separators are also used to take the coal dust from the 
air that comes from the dryers. This air passes from 
the separators through air washers to the atmosphere. 
The mill air system is vented to the dryer cyclone sepa- 
rators, but only leakage air into the system is discharged 
in this manner. 

There is one powdered coal bunker for each boiler, 
and each bunker has a capacity of about 125 tons. At 
the bottom of each bunker are twelve feeder screws. 
These screws draw the powdered coal out of the bunker 
and it is then mixed with air and blown into the furnace 
through six-inch pipes that terminate in the top of the 
furnace arch in fish tail burners. The furnace walls 
are cooled by fin tubes on the rear and about two thirds 
of each side. The remaining third of each side and the 
front are of the hollow Detrick construction, and are 
cooled by air coming from the preheater. This air 
enters the furnace through ports in the front wall where 
it meets the stream of coal coming from the burners 
above. Its purpose is to support combustion and pro- 
vide the proper flame contour. 

About 70 per cent of the air needed for combustion 
enters the furnace through the front wall, the remaining 
30 per cent is practically all primary air which is blown 
in with the coal although a small amount, known as 









































































































TABLE I. TYPICAL FINENESS TEST OF COAL LEAVING 
THE PULVERIZERS 

Screens As taken Oven dried 3 hr. 
Retained on 40 mesh 2.15% 1.60% 
Retained on 60 mesh 4.99% 4.57% 
Retained on 80 mesh 4.92% 4.69% 
Retained on 100 mesh 3.24% 2.95% 
Retained on 170 mesh 26.50% 19.95% 
Retained on 200 mesh 1.39% 1.52% 
Past 200 mesh 55.34% 64.75% 
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tertiary air, enters around the burner casing. The suc- 
tion of the primary air fan draws air from around the 
hollow wall of the ash pit and over the furnace arch. 
The ash pit is protected from the radiant heat of the 
flames by water screen tubes which mark the boundary 
between the ash pit and the furnace. 

Flames shoot down from the burners to the water 
screen tubes, turn up along the rear wall of the furnace 
and enter the first pass of the boiler at the rear of the 
furnace. The hot gases then pass through the inter 
deck superheater, the rest of the first pass, the second 
pass, the third pass and into the air preheater. This air 
preheater is of the plate type, and was furnished by 
the Combustion Engineering Corp. The dryers, mills, 
cyclone separators, screw conveyors, burners and water 
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IN THE NEW FURNACE, SIDE WALLS ARE 
COMPLETELY WATER COOLED 


FIG. 4. 


cooled furnace were also furnished by the Combustion 
Engineering Corp. 

Gases are taken from the air preheater through a 
Vorticose dust collector by an induced draft fan which 
discharges them into a stack that rises seventy-five feet 
above the roof of the plant. The air is forced through 
the preheater and into the furnace through the ports in 
the front wall by a forced draft fan. Smoot control 
equipment is installed to govern the fuel feeder motors, 
induced draft fans, uptake dampers, air inlet dampers, 
forced draft fans, primary air dampers and the speed 
of the boiler feed pumps. 

Steam is supplied by these boilers to the turbine at 
a pressure of 385 lb. per sq. in. gage and 700 deg. F. 
total temperature. It is exhausted into a surface con- 
denser at an absolute pressure of 1.5 in. of mercury. 
The water from the hot well of the condenser is carried 
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TABLE II. PROXIMATE ANALYSIS OF LIGNITE AS 
RECEIVED 
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through four bleeder heaters, and is returned to the 
boilers at a temperature of about 350 deg. F. 


Coat Has Asout 30 Per Cent Moisture 
LEAVING THE DRYERS 

Apron conveyors and crushers, that handle the coal 
as it comes from the track hopper, have given good 
service; and outside of some minor changes and adjust- 
ments at the start, this equipment has given little 
trouble. An occasional steam shovel tooth or a sledge 
hammer gives some trouble, but the coal is carefully 
watched to keep such large pieces of foreign matter from 
passing into the crushers. The skiphoist and loader have 
given some trouble on account of being jammed or hung, 
and several bails have been pulled out of the skiphoist. 
This trouble has been overcome by providing a stronger 
bail, and by carefully inspecting and adjusting the 
entire equipment. The belt conveyor runs over a mag- 
netic separator, and all tramp iron is captured to pre- 
vent its going to the mills. There is one operator neces- 
sary for the crushers and one operator stays in the 


ULTIMATE ANALYSIS OF LIGNITE 
Dry Basis M. & A. Free 





TABLE III. 











Carbon As Received 


OS ES ar 42.24% 64.85% 76.01% 
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belt conveyor room. One operator is required in the 
mill room. 

Coal dryers remove only about five per cent of the 
total moisture in the coal, i. e., the moisture is reduced 
from about 35 to about 30 per cent. It may appear to be 
a waste of steam to operate the dryers but, without re- 
moving this surface moisture, it has been found that 
trouble in powdering and handling the powdered coal 
has developed. It has therefore been found to be highly 
desirable if not absolutely necessary, to use the dryers. 
No trouble has been experienced in using the dryers 
except that the coal will start to burn if it is allowed 
to remain stationary in the dryers and get too hot. 
Whenever this occurs, the gates between the raw coal 
bunker and the dryer are closed and the hot coal is 
powdered in the usual way. After all hot coal has 
been removed from the dryer, the gates are again opened 
and normal operation is resumed. 

Operation of the mills in general has been found to 
be quite satisfactory, and the fineness of the grind has 
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been remarkably constant regardless of the wear. In 
order that a comparison of the eifect of lignite with that 
of other fuels on a Raymond mill may be had, the 
average life of parts is given in Table V. 

The air transport system, including fans, pipes and 
separators has given little trouble. Some liners in the 
separators have been replaced after 7000 hr. of opera- 
tion, mill exhauster blades are replaced about every 
1000 hr. of operation and the fan liners about every 
2000 hr. The screw conveyors give little trouble, but 
it is found advisable to clean them occasionally to pro- 
duce noiseless operation. The screw conveyors, mills 
and exhauster fans are electrically interlocked so that 
the mills and fans will stop if the screw conveyors are 
shut down. This prevents the coal from filling the 


TABLE V. LIFE OF PULVERIZER MILL PARTS WITH 
LIGNITE 








Plow points 1500 hr. 
Bull ring 5000 hr. 
Rollers 5000 hr. 





cyclone separators and causing trouble. Also the skip- 
hoist and crushers are stopped if the belt conveyor 
ceases to operate. One operator is required on the screw 
conveyors to attend to them and the boiler fans which 
are located on the same floor. 


Powdered coal bunkers are well covered with heat 
insulating material to prevent the coal from becoming 
chilled and causing some of the moisture to condense. 
After a bunker has been left full of coal for about a 
week, water will usually begin to run from the feeder 
screws and the cracks in the lower portion of the bunker, 
and when the fires are again lighted, in the boiler sup- 
plied by this bunker, trouble is experienced in making 
the feeders deliver enough coal, so burners have to be 
watched carefully for a few hours to prevent the fires 
from going out. When a boiler is to be shut down for 
a few days, the powdered coal bunkers are emptied and 
cleaned by scraping down the sides, also the feeders are 
cleaned so that all wet and packed coal is removed. 
The feeder screws are made of cast iron and begin to 
show wear on the tops of the threads. This wear was 
replaced by building up with Stellite and no wear has 
been noticed since. Some trouble was experienced dur- 
ing early operation with the pipes from the feeders to 
the burners becoming filled with coal. This was due to 
insufficient primary air and since proper adjustments 
have been made no trouble has appeared. 


FLAME REGULATED BY Ports IN FRONT WALL 


Combustion space under each boiler is 16,800 cu. it., 
the boiler heating surface is 18,000 sq. ft., superheater 
3697 sq. ft., fin walls 1742 sq. ft., water screen 507 sq. 
ft. and the preheater 26,568 sq. ft. During preliminary 
operation, much trouble was caused by bad flame travel. 
The flames were dark and slow and would go too low 
in the ash pit, causing much slag to form. Ledges of 
slag would build out from the rear and front walls and 
nearly close the ash pit entirely. This slag had to be 
broken from the walls and removed about once a week, 
and as high as about 75 t. have been removed from one 
boiler. In order that some control could be had of flame 
conditions, it was decided to close some of the front wall 
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ports and restrict others. Also-some of the air inlet 
dampers were completely closed and others were set for 
a graduated opening. This caused the flame to come out 
of the ash pit but the contour was not ideal, for at high 
ratings it beat against the rear wall of the furnace. 

It was therefore thought desirable to put all dampers 
in service and open more ports in the front wall as a 
compromise between the two extreme conditions. Since 
the flame conditions have been changed, very little 
trouble has resulted from slag and a faster hotter flame 
has been produced by the use of higher primary air 
pressures. At ratings approaching an evaporation of 
200,000 lb. of steam per hour, ash will bake on the lower 
tubes in the first pass and if not removed by an air 
lance will seriously restrict the passage. This condition 
had been anticipated and the boiler tubes had a wide 
spacing in this area. The second and fourth row of 
horizontal tubes from the bottom were omitted, but this 
condition has not been overcome entirely. 


In GENERAL, RESULTS HAvE BEEN SATISFACTORY 


Although some troubles have been experienced in 
the burning of this new fuel they have been, in general, 
of minor consequence and the results obtained have 
been highly satisfactory. In fact, after two years of 
operation with two boilers and one turbine, it was de- 
cided to add the second 30,000-kw. unit and the third 
boiler. This Walsh & Weidner boiler and the water 
cooled furnace and air preheater were supplied by Com- 
bustion Engineering Corp. The furnace, Fig. 4, is 
slightly different from the other two in that the two 
side walls are completely covered by fin tubes instead 
of being only two thirds covered. The water screen 
tubes are about twice as numerous as in the two older 
boilers, and the outside circulating system is radically 
changed. The feeders, which were also furnished by 
Combustion Engineering Corp., are different from the 
feeders on the other two boilers, and their operation is 
much more reliable and the feed is more constant. This 
boiler has been in operation for about three months and 
practically no trouble has been experienced. 

All three boilers are equipped with Smoot Control, 
and provided with a super master so that each boiler 
can be operated at a different rating when desired. 
The ratings are indicated by a Bailey steam flow meter 
on each boiler, and each meter has a steam flow and air 
flow pen so that the firemen can use these as a check 
on their firing conditions. As a further check the two 
original boilers were equipped with Ranarex CO, meters, 
but the dust in the flue gases has made the operation 
of these meters unsatisfactory. The third boiler is 
provided with a Leeds & Northrup CO, recorder. This 
recorder is also troubled by the dust and the moisture 
in the flue gas, but since it uses less gas ‘than the 
Ranerex it is hoped that less trouble will be given. As 
a reliable check on the flue gas, an Orsat apparatus is 
provided for each boiler, and the firemen have been 
taught how to use it to check firing conditions and the 
automatic CO, meters. 

Although improvements are desirable and many will 
doubtless be made in the future, it can be said that 
powdered lignite has been used as a boiler plant fuel 
with great success; and many industries in the lignite 
regions will make use of this cheap and abundant fuel. 
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Economies and Applications of Aerial Surveys 





to 
Transmission 
Line Projects 
By 
Frederick N. Fowler 





NGINEERS, as the layman thinks of them, are men 

technically skilled and deeply immersed in facts 
and figures from which they produce railroads, high- 
ways, dams, power houses, bridges, buildings and many 
other useful projects for mankind’s comfort and profit. 


Seldom does the layman realize that it is the engi- 
neer’s well-developed powers of imagination that enable 
him to absorb the ideas and dreams of others and to 
develop in his mind’s eye those dreams, as well as his 
own, to a point where he can produce sketches that will 
enable almost anyone to visualize the project that was 
the subject of the dream. 


Photographs have been for years utilized as a means 
of translation of ideas and dreams of developments be- 
tween laymen and engineers. But, until the advent of 
the airplane and the airplane camera, the pictures pro- 
duced were only wide-angle perspectives of objects or 
localities and were in themselves only detailed sketches. 


The aerial photograph has been used for many pur- 
poses, due to the imaginative powers of the engineer, 
whereby he is able to look upon either a single picture 
or an assembly of pictures (frequently termed a mosaic) 




















and see not only the physical features which the 
camera’s eye has recorded but also see constructed (in 
his mind’s eye) the project which he is developing, 
whether it be a railroad, reservoir, pipe line, transmis- 
sion line, highway or just a plain, ordinary map for 
zoning, city planning, assessors’ appraisal maps or any 
other of the many uses that have been successfully made 
of aerial photographs. 

Imagination is a wonderful faculty when controlled 
and organized, but when uncontrolled sometimes runs 
wild. The engineer’s imagination, generally organized 
and controlled, does, however, often go on a rampage 
when he is approached with a new method, radically dif- 
ferent from anything he has ever used. He hesitates 
to depart from the common practices of many years and 
at once begins to imagine the possible, probable and 
sometimes improbable errors resulting from the use of 
the proposed new method. 

New methods of doing work slowly supplant old, 
well-tried methods. The promoter of a new method 
must be prepared to show savings in time, money or 
labor ; frequently in all three if he is to succeed in hav- 
ing the new method generally adopted. 





For over thirty years, 
practically since the 1n- 
ception of the modern 
age of power, Mr. Fow- 
ler has been intimately 
connected with the 
power industry. In 1900, 
he was assistant engi- 
neer and assistant super- 
intendent of construc- 
tion on the Chicopee 
River hydroelectric 
power plant for the 
Brickam Bend Power Co. From that time to 1907, 
he was associated, among others, with George N. 
Merrill & Co., Engineers, United Electric Light 
Co., New Milford Power Co. and Canaan Power 








Co. In 1907, he became a partner in the engineer- 
ing firm of Fowler & Toquet (later known as the 
General Engineering Co.) engaged in investiga- 
tions, surveys, designs, reports, specifications and 
promotion of hydroelectric development in New 
England, New York and New Jersey. In 1916, he 
orgamzed a consulting practice as right-of-way 
engineer specializing in investigations, location, 
title examinations and purchase of high-tension 
transmission line right of way. For a number of 
years, he has made extensive use of aerial surveys 
in his work and as a pioneer in this work he has 
been extremely influential in developing aerial 
photography to its present high standard. He is 
a member of the American Society of Cwil Engi- 
neers and maintains his office and organization at 
260 Tremont St., Boston. 
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It is not always easy to prove that new methods are 
more economical than old methods, particularly so when 
the user of the new method is so thoroughly convinced 
of the economies effected, that he adopts the new method 
and does not trouble to ascertain the amount of the 
resultant economies. The comparatively new method of 
making ‘‘Area Surveys’’ by means of aerial photog- 
raphy is of this type, and although now rapidly gaining 
favor, it has been slow of adoption. 

Right-of-way engineers, locating transmission lines 
for power companies, were among the first to adopt 
aerial photography. Repeat orders from these engi- 
neers, as they had occasion to lay out new lines, tend 
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ing a practical illustration of a comparison between the 
two methods, from which could be drawn a definite con- 
clusion as to the amount of the saving effected by. using 
the method of aerial surveys for locating transmission 
line rights of way. It is for this reason that the fol- 
lowing illustration is given. 


Actual CoMPaRISON OF Born MeEtTHops Favors THE 
AIRPLANE 

A right of way 150 ft. wide and about 30 mi. long 

was being located and acquired through a rather con- 

gested territory. This right of way provided for two 

lines of steel towers, each line to carry two circuits, ver- 
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FIG. 1. A MAP USED FOR THE CONTROL OF AN AERIAL SURVEY 


to prove that they have satisfied themselves that this 
new method is not only convenient and lessens labor 
but also saves time and money in locating and acquir- 
ing rights of way. 

REPEATED USE PROVES VALUE OF AERIAL SURVEYS 

Doubtless, many of them have formulated, in one 
way or another, opinions of the percentage of actual 
savings that have been effected. Actual comparisons, 
however, are seldom available between the use of aerial 
survey methods and ground survey methods to achieve 
the same result on the same piece of work, and it is 
therefore probable that such opinions have generally 
resulted from mental comparisons between jobs where 
ground survey methods were used on some and aerial 
survey methods were used on others. 

Many articles have been written on ‘‘ Aerial Sur- 
veys,’’ but the writer has not seen any article contain- 





tical suspension 110-kv. power lines. About 4 mi. of 
this transmission line route was in a section near a large 
town where it was extremely difficult to obtain a satis- 
factory location. Three tentative locations had been 
made by means of ground survey, but all had to be 
discarded. The location of the right of way on each 
side of this section had been established and purchased. 
The usual preliminary ground surveys had been made 
preparatory to running the center line of a fourth 
location. 

While this had been going on, orders were issued for 
the study of another transmission line project. It was 
decided to use an aerial survey for the study of this 
new line, and to include in the aerial survey contract 
the difficult 4-mi. section of the first mentioned line. 

The mosaic of this section was delivered a few days 
before the survey parties were ready to run the center 
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line of the fourth location, mentioned above. This 
mosaic covered about 6 mi. of the right of way, with 
the 4-mi. section in the center. The center line of the 
satisfactorily located right of way (about a mile on 
each end of the 4-mi. seztion) was superimposed in yel- 
low water color upon the mosaic. In the same manner, 
the fourth proposed location in this section was also 
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mosaic. It proved to be, as indicated on the mosaic, 
satisfactory and 1200 ft. shorter. 

If the mosaic had been available from the first, much 
of the ground survey work would have been unneces- 
sary ; considerable time would have been saved and less 
title work required. 

Disregarding the survey and title examination econ- 


superimposed upon the mosaic. omies and considering only the reduction in cost of the 

















FIG. 2. ILLUSTRATING CONTROL BY MEASUREMENT BETWEEN EASILY IDENTIFIED POINTS OF CONTACT PRINTS 


An inspection of these superimposed lines indicated 
that the fourth line was satisfactorily located. A fur- 
ther study of the mosaic, however, indicated that by 
discarding some of the right of way already purchased 
an equally satisfactory right of way might be located, 
and the total length of the right of way reduced by 
1200 ft. The center line of this last mentioned location 
was staked on the ground from data taken from the 


one tower line, at present constructed on this right of 
way, approximately five times the cost of the aerial 
survey was saved by the reduction in the length of the 
line, as a direct result of the study of the mosaic. When 
the second line is constructed, the saving will, of course, 
be doubled. 

The foregoing illustration (the only one of its kind 
that has come to the attention of the writer) clearly 
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shows that the reconnaissance value of the mosaic is 
largely responsible for the right of way engineer’s ready 
acceptance of aerial surveys for his particular work. 

Every possible location for transmission line rights 
of way may be laid out on the mosaic, carefully studied, 
and the most economical route selected. Doubtless, 
economies are thus effected in right of way property 
costs, but such economies are, geneially speaking, small 
as compared with the much greater savings resulting 
from smaller angles, fewer towers and reduced length 
of conductors, due to the engineer’s selection, from the 
study of the mosaic, of the shortest and most direct, 
feasible route. 

Comparison of the amount and extent of ground sur- 
vey traverses, where aerial survey methods have not 
been used and where aerial survey methods have been 
used to assist in locating transmission line rights of way, 
indicates that aerial survey methods reduce the ground 
survey work by about 50 per cent. The saving thus 
effected will often equal the cost of the aerial survey. 

Comparison of the amount of title work required for 
transmission line rights of way on jobs where aerial 
surveys were not used and on jobs where they were 
used indicates that a reduction of approximately 50 per 
cent of the work of the title examiners has been effected. 

Dollars and cents savings in title work varies ma- 
terially between sparsely settled and thickly settled 
territories. Seldom will the saving be less than the cost 
of the aerial survey, and in thickly settled sections the 
saving effected is sometimes four to five times that cost. 

These illustrations of savings, effected by the use of 
aerial surveys, have been taken from an analysis of 
transmission line rights of way, located and acquired 
under the supervision of the writer and in the rather 
thickly populated sections of Eastern Massachusetts. 
Since 1924, he has been using aerial surveys for this 
purpose and it may be of interest to outline briefly the 
methods he has used in applying them to this work. 


OUTLINE OF MetHop USED 


A preliminary study is made of such maps as are 
available, followed by an inspection of the territory by 
automobile. This preliminary investigation determines 
the area necessary to be covered by the aerial survey. 
In congested sections, it is frequently necessary to have 
five or six strips* of aerial photographs flown but in the 
less congested territories it is possible to limit the aerial 
photographie work to a single strip. Generally speak- 
ing, however, it is more economical to have at least two 
overlapping strips photographed. 

Control data for the aerial mosaic is furnished in 
several ways. Where Government Triangulation Sta- 
tions are available, it is well to make use of them for 
horizontal control, particularly where a considerable 
area has been photographed. Town boundary corners 
are likewise valuable points to be utilized for control. 
A rather elaborate data control sheet is shown in Fig. 1. 
Railroad location and highway location maps, when 
available, furnish very excellent control data. Where 
it is impossible to obtain the above-mentioned data, it is 
necessary to measure a distance on the ground between 
points easily identified on the contact print as has been 
done in Fig. 2. At least one such distance is necessary 
for each 5 mi. of each flight strip. 


*See Power Plant Engineering, Nov. 15, 1928, page 1188. 
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The writer believes that a controlled mosaic is well 
worth its additional expense, as it provides a practically 
perfect reconnaissance map, showing the physical fea- 
tures in 100 per cent detail. The work need not be held 
up, however, pending its assembly and delivery. As 
soon as the aerial survey company has produced the 
contact prints and received the control data, it ean pro- 
ceed to compute scale ratios from print to print and 
reduce these ratios to a common ratio, so that all of the 
prints may be enlarged to the desired scale. These 
ratio enlargements are merely reproductions of the 
contact prints at the scale that has been predetermined. 
The writer generally prefers a scale of 1 in. = 400 ft., 
as the ratio prints at that scale are of a convenient size 
from which to make a radial control map and also for 
use under the stereoscope. 

When the contact prints have been delivered, they 
are pinned down on a drafting board and a preliminary 


Previous Owner, Street Towa Present Owner Street 


Land C1. # | ex. Page | Wo Record || Photo Non 


Property Acquired by Location of Property 


Description of Property 


FIG. 3. DATA SHEET USED BY FIELD PARTY TO IDEN- 
TIFY VARIOUS rar rye See VISIBLE ON THE 


study is made of the possible locations of transmission 
line routes. The best apparent route is selected, marked 
on the contact prints, and men then go into the field, 
taking with them these marked contact prints and the 
data form shown in Fig. 3. They interview the prop- 
erty owners, interest them with the pictures and ask 
them to point out the boundaries of their properties, as 
shown on the contact prints by roads, walls, fences, 
streams, ditches, cleared fields and woodland. 


CHANGED Routes Entam No Loss OrHer THAN 
A Suient AmMouNT oF LABOR 


Other information, valuable to the locating engineer, 
the right-of-way buyer and the title searcher, is also 
obtained from owners or their neighbors and recorded 
on the contact prints and data sheets. By the time this 
work is completed, the mosaic has been received and the 
property lines, which the field party has marked on the 
contact prints, are drawn on the mosaic, using yellow 
water color for this purpose. The proposed route or 
routes are restudied on the mosaic and also under the 
stereoscope, and the one that appears to be most 
economical is definitely determined upon and also drawn 
with yellow water color on the mosaic. 

Sometimes, in obtaining the ownership data, it will 
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be found that the proposed route passes through town, 
city, county, state or Federal property and that it will 
therefore be necessary to change the location of the 
right of way, in which ease, a restudy of the mosaic is 
all that is necessary to relocate the line so as to avoid 
such obstacles. No field work has been wasted, other 
than that of marking property ownerships on the con- 
tact prints. This in itself constitutes a considerable 
amount of saving. 

Final location of the route having been determined, 
the property boundaries ascertained and delineated 
upon the mosaic with yellow water color, a preliminary 
tracing is taken directly from the mosaic, showing the 
location and width of the right of way, the property 
lines with the names of owners, as obtained by the field 
party, wood roads, streets, water courses, buildings and 
such other data as may be desirable. The area of the 
properties affected, measured with a planimeter, is also 
marked on the tracing. 

Prints of this tracing are furnished to the title ex- 
aminers for their use in the Registry of Deeds. The 
economies due to the reduction of the Registry work 
are clearly attributable to the use of these maps. The 
property lines, roads, streams, buildings and other phys- 
ical features shown on the preliminary map, traced as 
above stated directly from the mosaic, will, however, 
generally be more or less displaced from their true 
positions. 

Where the territory covered by the mosaic is fairly 
level and thinly populated, it is probable that such dis- 
placements will not be serious enough to warrant the 


expense and time required to correct them by means of 
radial control; however, where the elevations of various 
portions of the terrain covered by the mosaic vary con- 
siderably and where the territory is thickly settled, the 
displacement is more serious and warrants the expense 
necessary to correct the preliminary map by means of 
radial control. 


RaDIAL ControL MetHops 


Eastern Massachusetts is thickly settled and prop- 
erty values are high, hence the next step taken is to 
correct, by means of radial control, the location of such 
physical features and property lines as may lie within 
the area affected by the right of way. The map pro- 
duced by radial control often shows that certain prop- 
erties will be affected by the proposed right of way that 
the tracing (directly from the mosaic) did not disclose 
and sometimes, in congested territories, it shows the 
fact that some changes will be necessary in the route 
itself in order to avoid properties or structures that 
were so far displaced on the mosaic that they did not 
appear to be included within the affected area. 

In sparsely populated territory, it is possible and 
practical to run the ground survey of the center line of 
the proposed route from data taken from the radial 
control map and if it is in a territory where property 
is quite inexpensive, even the radial control map may 
be eliminated and the line run from data taken from 
the mosaic or from the ratio prints. If, however, the 
route runs through congested territory where property 
is expensive, that is, where the right of way will cost 
- in excess of $15,000 per mi., it is, in the opinion of the 
writer, advisable (before running the center line) to run 
a traverse with transit and tape around the highways 
from one end of the line to the other, locating buildings, 
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as well as property lines where they intersect street 
lines, for a distance of 500 to 1000 ft. on each side of 
the center line of the proposed right of way. 


The road traverse does not need to be a closed tray- 
erse, as when platted on the same scale as the radial 
control map and the tracing of one superimposed upon 
the other, any errors will be readily detected. If it is 
found that the ground traverse map and the radial con- 
trol map do not coincide within the limits of error that 
are permissible, it is well to rerun such portions of the 
ground traverse as, from inspection, appear to be in 
error. This method has been used by the writer and 
such errors as the dropping of 100 ft. in the measured 
traverse and the error of reading or recording of an 
angle by a single degree have been readily located and 
corrected. The road traverse, thus checked by the radial 
control map and corrected, provides the data from which 
the center line location is staked. 

Intelligent application of aerial mapping to any 
work requiring ‘‘area surveys’’ will result in savings 
in time, money and labor. Methods of application will 
vary, depending on the type of project for which the 
survey is made and on the imagination and inventive- 
ness of the engineer in devising ways and means to 
utilize the aerial maps to the best advantage. 

Responsible, well-financed, successful aerial survey 
companies now have their own well-equipped labora- 
tories and workrooms, airplanes and aerial cameras, 
skilled mapping pilots, photographers and engineers. 

Such companies can and do produce the best aerial 
maps, and their product, due to constant research and 
experimental work, is being constantly improved in 
photographic quality and mapping accuracy. 

Prices of such companies are, due to overhead ex- 
pense, sometimes greater than the prices that newer, 
smaller and less responsible companies quote but, in the 
opinion of the writer, it is best to pay the higher first 
cost for such work and so insure prompt service and 
delivery of the better and more accurate maps that are 
produced by companies well equipped and adequately 
financed. 


DEPARTMENT OF COMMERCE announces that, accord- 
ing to data collected at the biennial census of manu- 
factures taken in 1928, the total value of pumps and 
pumping equipment (including parts and attachments) 
manufactured in the United States in 1927 was $125,- 
761,928, an increase of 3.6 per cent as compared with 
$121,344,554 reported for 1925. 

The principal items included in the total of $125,- 
761,928 for pumps and pumping equipment made in 
1927 are as follows: hand pumps (not including gaso- 
line-filling-station pumps, oil pumps, nor spray pumps), 
$5,163,209; windmill pumps, $787,662; power pumps 
(not including gasoline-filling-station pumps, spray 
pumps, nor pumps for domestic water systems), $46,- 
449 349; spraying outfits (hand and power), $6,390,483 ; 
spray pumps (hand and power), $813,553; gasoline-fill- 
ing-station pumps (hand and power) and tanks, $27,- 
477,749; oil pumps (hand) $6,154,717; domestic water 
systems, pneumatic (ircluding domestic-water-system 
pumps for sale separately), $8,278,052; water softeners, 
$2,365,089; pumps not specified as to kind or class, 
$4,186,042; other pumping equipment, $6,529,822; parts 
and attachments, $9,954,019. 
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Application of Automatic Synchronizers — 


Factors INVOLVED IN SELECTING AUTOMATIC SYNCHRONIZING 


Devices. PRINCIPLES INVOLVED IN OPERATION. 


Pyro TYPES of automatie synechronizers have 
been in common use for a number of years tor 
controlling oil breakers which connect hydroelectric 
generators to their load. Recent developments in auto- 
matic distribution substations and interconnection of 
primary transmission systems require new types of auto- 
matie synchronizing devices. 

Any switching station, which connects two power 
systems, can be put under automatic control so that, if 
the tie is opened during a disturbance, the breakers 
will be reclosed as soon as the voltage is in phase and 
the frequencies are nearly equal. Another important 
application of synchronizing devices is to close several 
tie breakers located at remote points after a synchronous 
tie has been established at a station under manual or 
supervisory control. The success of automatic syn- 
chronizing apparatus in these fields and the relatively 
low cost warrant their use on manually operated gen- 
erators to assist in synchronizing and in preventing 
damage or system disturbances if the operator closes 
the control switch with too great a phase angle between 
the machine and the bus. 


CHARACTERISTICS OF SYNCHRONIZERS 


Synchronizing devices of several different types are 
now being manufactured. These have widely different 
characteristics and some one type may be selected that 
will suit the needs of almost any application. The con- 
ditions determining the selection of a synchronizer are: 
first, phase angle; second, voltage difference, and third, 
frequency difference between the electrical systems to be 
connected. Fundamentally, a synchronizing device sets 
the circuit breaker control relays in operation so that 
the power circuit is closed with the voltages within a 
predetermined angle and the frequencies so close that 
hunting will not occur when they are forced to assume 
the same value. This phase angle and frequency differ- 
ence is a function of the capacity of synchronous ma- 
chines on each side of the breaker and the reactance of 
the circuits. 

Any synchronizing device which connects the first tie 
between two systems or a generator to a system, will have 
a different frequency applied from each side of the 
breaker. Thus, if it is set for a given angle, it is cer- 
tain that this phase relation will be reached. If the 
device is used to close a loop, or close additional circuits 
in a network, then no frequency difference will exist 
and the angle is a function of the loading and electrical 
constants of the circuit. The phase angle is also an 
indication of the power flow which will occur when the 
breaker is closed. Thus the calibration of the syn- 
chronizer must not be for an angle so small that, under 
heavy load, the breaker will not be closed. On the other 
hand, calibration for too wide an angle will cause clos- 
ing on overloads and the immediate tripping of the 
breaker. A relatively simple device can be used for this 
application, but its characteristics must be such that if 
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a difference in frequency exists on each side of the tie 
breaker, it will not operate. In some eases, this pro- 
tection is furnished as a separate relay. 

A synchronoscope indicates phase angle and is almost 
independent of voltage. Automatic synchronizers de- 
pend upon voltage as an indication of phase angle and 
calibration is greatly affected by voltage differences on 
the system. The synchronizer measures voltage AB 
(Fig. 1 and Fig. 2) as an indication of the phase angle 
a. It is apparent that if AO minus BO, shown on Fig. 
3, is greater than AB Fig. 1, the two voltages may be in 
phase, but the synchronizer will be affected as if an 
angle a existed and will not close the breaker. This 








\ 
\ 
' 


OIFFERENCE 
4 : 


| 
oe S710 15" PHASE ANCLE 
FIG. 5 


VECTOR RELATIONS INVOLVED IN OPERATION 
OF AUTOMATIC SYNCHRONIZING DEVICES 


Note: In Figs. 4 and 5, the synchronizing device closes the 
breaker within limits of the dotted lines. 





FIGS. 1-5. 


characteristic is shown graphically in Fig. 4. Thus, if 
a synchronizer has characteristics as stated, the calibra- 
tion continually decreases until at a potential difference 
above 30 volts, the breaker cannot be closed. In a gen- 
erating station, the voltage differences are under con- 
trol so this characteristic is not a great handicap; how- 
ever, in the control of loop or network breakers, a larger 
difference in the phase angle usually exists, which causes 
the synchronizer to have too wide calibration at high 
voltage and too narrow calibration at normal full load 
condition. The curve shown is typical of one device 
on the market. Other types have a curve which is not 
so sensitive to voltage difference. 

Some types of synchronizers have voltage compen- 
sation and can be made nearly independent of voltage. 
It is also possible to obtain a widening angle with in- 
erease of voltage difference. This characteristic is 
shown in Fig. 5. The potential difference which exists 
between two circuits which are to be connected should 
be carefully considered and specifications should require 
a synchronizing device to have the correct charac- 
teristics. 
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If two separate electrical systems are to be connected 
or a generator is being connected to a bus, a different 
frequency will exist on each side of the tie breaker. The 
two circuits will then be within a suitable angle for 
closing the breaker for short intervals and at a greater 
angle most of the time. If the periods of phase coin- 
cidence occur at intervals more than four seconds apart, 
the speed difference is such that the breaker can be 
closed at synchronism without undue disturbance to the 
average system or strain on the windings of a generator. 
The conditions suitable for closing the breaker may 
oceur at four second intervals or slower. On some types 
of hydroelectric generators, speed control at no load is 


very erratic and the suitable breaker closing conditions, 


may oceur at various time intervals. This makes hand 
synchronizing difficult and requires a very accurate auto- 
matic synchronizer. Most breakers close the power cir- 
cuit about 0.4 or 0.5 see. after the contacts of the syn- 
chronizer close. This means that about 0.5 sec. elapses 
after the circuit conditions have been checked before the 
two circuits are connected. If the frequency difference 


is near the limit allowed for synchronizing, it is prob-. 


able that by the time the breaker contacts close, a large 
angular difference may again exist between the two cir- 
cuits. To allow for this condition, it is necessary to 
limit the operation to almost equal frequencies with 
accompanying delay in breaker closing or to compensate 
for these speed changes. 

Automatic advance characteristics have been in- 
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cluded in the design of one new type of synchronizer. 
This means that, as the frequency difference between 
the systems increases, the synchronizer is automatically 
recalibrated to close its contacts at a greater angle in 
advance of synchronism. By increasing the angle at 
which the contacts are set to close, a nearly constant 
time is provided for the breaker operation, thus ensur- 
ing the closing of the breaker contacts in synchronism 
under all conditions. A synchronizing device with auto- 
matic advance and voltage compensation will depend- 
ably connect two systems or a machine to its load within 
10 deg. of synchronism under any conditions which will 
be encountered in service. 

It is apparent that all synchronizing problems lie 
in one of two general groups: those where the frequen- 
cies are the same (network and loop systems) and those 
where slightly different frequencies exist on the two 
sides of the tie breaker. If the application is considered 
under one of these classes and the phase angles for 
breaker closing are determined with due regard for volt- 
age difference and frequency difference, an accurate 
and dependable application for the automatic control of 
synchronizing breakers can be made. The many ad- 
vantages of automatic switching are well understood and 
need not be discussed here. It is now possible to bring 
under automatic control, any switching problems where 
the question of synchronizing is involved. The advan- 
tage of utilizing automatic synchronizers as an aid to 
operators in large stations should not be overlooked. 


Electricity---What It Is and How It Acts’ 


Part XXV. FurtTHER CONSIDERATIONS OF THE ELECTRIC ARC. 


ActTIon INVOLVED In SEPARATING Two ConrTACTS. 


HUS FAR, OUR discussion of the electric are has 

been confined almost entirely to the type of are 
exemplified by the sustained discharge between two 
electrodes brought about by the disruption of the in- 
sulating gas due to the application of high voltage. 
While many ares encountered in electrical work are 
started in this manner, the large majority of arcs with 
which the electrical engineer and electrician is concerned 
are those started when two electrical contacts are sepa- 
rated. This is the type of are formed at the contacts 
of a switch or circuit breaker when it is opened. The 
difference between an are formed at the contacts of a 
switch and that produced between separated electrodes 
by high potential is only in the manner in which the 
are is started. Once formed, both types of ares have the 
same characteristics. 

There is also another type of are with which almost 
everybody is familiar but which is not recognized as 
such and that is the type of are exemplified by the mer- 
eury vapor lamp and the neon tube electric sign. While 
these ares present characteristics quite different from 
the heavy current are at atmospheric pressure, they are 
classified as ares since they are examples of true gaseous 
conduction. The temperatures attained in this type of 
are are considerably lower than those of the heavy 
current arc. 

The neon and the mercury ares are low pressure 
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ares, that is, the gas in which the discharge occurs is 
at a pressure below that of the atmosphere. In the 
mercury arc, the conduction is between a metal electrode 
and the surface of a small bright cathode spot on the 
surface of a pool of mercury in a glass tube exhausted 
to a pressure of from 0.05 to 1 mm. The mercury is 
always the cathode. When in operation, the cathode 
spot dances around continually and is evidently at a 
high temperature. In principle, however, the mercury 
are is not greatly different from the types already 
described. The same element of doubt exists as to the 
actual reason for the intense electron emission at the 
cathode, but it is believed to be due largely to the 
‘‘pulling out’’ effect of the positive space charge. So 
much for the mercury are. 


Wuat Occurs WHEN Two Contacts ARE SEPARATED 


Now, let us consider what occurs when an arc is 
formed by separating two metallic contacts carrying 
current. It is common knowledge that when an electric 
circuit is suddenly interrupted by the opening of a 
switch or the breaking of a conductor, a bright spark 
appears at the instant of the break. This spark appears 
even when the currents and voltages involved are quite 
small. If a cireuit containing only a single dry cell 
is broken a spark of this type is produced, yet the volt- 
age is only 114 v. or less. 

From our previous study of are phenomena, we 
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learned that certain minimum voltages are required to 
start an arc—several hundred in most instances. Why 
is it, then, that the opening of a circuit under potentials 
as low as 1 or 11% v. gives rise to such brilliant sparks? 
Despite the low voltages and small currents used, the 
breaking of these circuits evidently produces high tem- 
peratures. 

Consider two copper rods placed in contact end to 
end, as shown in Fig. 1, so that an electric current may 
flow from one to the other across the joint. Now, by 
means of a millivoltmeter, suppose we measure the re- 
sistance of a few inches of this circuit at two places, as 








FIG. 1. TWO CONDUCTORS A, AND B, PLACED END TO END 


shown in Fig. 2, first at R and second, across the joint J. 
Unless the rods have been joined by welding or brazing, 
it will be found that the resistance at the joint will 
be slightly higher than that of the copper rod itself. 
What is the reason for this? 

The reason is simple and will be evident at once if 
we examine the joint carefully by means of a magnifying 
glass or under a microscope. Looking at it through a 
magnifying glass, we shall find that the apparently 
smooth parallel surfaces of the ends of the rod are 
quite rough and if we apply a high powered microscope, 
it will be found that the surfaces are not smooth at all 
and that the rods only make contact at a few places. 
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FIG. 2. MEASURING THE VOLTAGE DROP ALONG TWO 
PORTIONS OF THE JOINED CONDUCTOR, FIRST ALONG A 
PORTION OF THE SOLID CONDUCTOR AND THEN ACROSS 
THE JOINT. THE DROP ACROSS THE JOINT IS GREATER 

BECAUSE OF THE GREATER RESISTANCE 





If pressure is applied to the ends of the rods, the re- 
sistance of the joint will decrease and observation by 
means of the microscope will show that due to the com- 
pression, many of the points of contact have increased 
in area and in addition others have been established. It 
is evident, therefore, that under the latter condition 
since there are more paths across the joint for the cur- 
rent to travel, the resistance to the total current will 
be decreased. 

As a matter of fact, although we think of the two 
ends of the rod as being in actual contact, from our 
study of atomic structure we know that the atoms of 
the two rods are never in actual contact. Even at the 
points of contact referred to above, the spacing between 
two atoms of rods A and B, respectively can never be 
less than the spacing between the atoms in the rods 
proper. Thus, at C in Fig. 6, two atoms A’ and B’ of 
the rods A and B, respectively, are probably as close 
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together as they will ever be, regardless of how much 
force is used to press the rods together. When more 
pressure is applied, instead of the atoms A’ and B’ ap- 
proaching each other more closely, the spaces §,, S., 
ete., will tend to fill up. Finally, if enough pressure 
is applied and provided no atoms of gas or oxide are 
entrapped between the atoms of copper, all the atoms 
at the ends of the two rods would be as close together as 
are the atoms in the rods themselves, and the rods would 
become one. 

This, of course, is actually what occurs when two 
rods are welded together. In this case the rods are 
first heated so that the distance between the atoms is 
increased, thus permitting them to slide over each other, 
so to speak, with greater ease. 

Having analyzed the action which takes place when 
two rods are pressed together, it is a simple matter to 
imagine the sequence of events which obtains when the 
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FIG. 3. LOOKING AT THE JOINT THROUGH A MAGNIFYING 


GLASS 


The joint, it will be noted, is not perfectly smooth and con- 
tact is made only at certain points. 


process is reversed, that is, when two rods are pulled 
apart to break an electric circuit. 

As the pressure is released and as the force on the 
rods is reversed, there is a gradual separation of the 
atoms at the boundaries. First, those points which have 
been under the least stress open up and as the com- 
pressive stress is still further decreased other points 
open up. Finally, (although all of this may occur in 
the ten thousandth part of a second) there comes a time 
when the actual contact area of the rods is reduced to 
a geometric point—the last point of contact. 


RESISTANCE OF THE Last Contact 


Now it is evident, that as this occurs—as the contact 
area of the rods is reduced more and more, the resistance 
across the joint becomes larger and larger. When the 
contact area finally reduces to a geometric point, this 
resistance becomes infinite. 

Thus, it is evident that if a gaseous discharge has 
not started before, all the voltage of the circuit will 
finally concentrate on this last geometric point. With 
metal electrodes, this means that there will be an enor- 
mous concentration of current and power at the last 
contact so that an extremely high temperature will be 
obtained. This temperature, even though only a single 
volt is acting, comes out far greater than that necessary 
to melt or even vaporize the metal of the contacts. 

Dr. Slepian? has investigated this matter and has 
derived an equation which gives the temperature rise 


1Temperature of a Contact. Journal of the A. I. HB. E., Oct. 
1926, p. 930. 
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of a small contact between large electrodes under an 
applied voltage. This is 
E? 
6 rng 
33.5 kp 
when E is the applied voltage, p the electrical re- 
sistivity in ohms per cubic em., k, the thermal condue- 
tivity in calories per sq. em. per deg. C. per em., and 
T the temperature in degrees C. 
Applying this equation to the case of a metal having 
values p = 10-° and k = 1.0, for a difference of poten- 


FIG. 4. UNDER A HIGH POWERED MICROSCOPE, THE 
JOINT WOULD LOOK SOMETHING LIKE THIS 


Here the roughness of the surfaces is shown even more 
grok gf In this section, contact is made only at the points 
X and Y. 


tial of one volt we find that the temperature produced 
at the last contact is 
1 


Tans 
33.5 X 1.0 K 10-5 


If, instead of one volt, the potential acting on the 
circuit is 10 v., the temperature comes out theoretically 
at least, 300,000 deg. and with 100 v., 30,000,000 deg. 





— 3000 deg. C. 


NEW POINTS OF CONTACT 





PRESSURE APPLIED 
7O ENDS OF RODS 


FIG. 5. A MICROSCOPIC VIEW OF THE SAME SECTION AS 
THAT SHOWN IN FIG. 4 WHEN PRESSURE IS APPLIED TO 
THE ENDS OF THE RODS 

Upon the application of pressure, the points of contact 
xX and Y are broken down and the area of contact increased. 
This allows other portions of the rods to approach each other 
more closely, thus establishing new points of contact. Thus 
the application of pressure decreases the resistance of the joint. 


Of course such temperatures as the last two are never 
reached and perhaps neither is the first, but this equa- 
tion shows that temperatures sufficiently high to vapor- 
ize the metal of which the contacts are made may be 
obtained even with very small voltages. With such high 
temperatures also, there should be sufficient thermionic 
emission to start ionization of the gases between the 
contacts, thus establishing an arc. 


EFFECT OF GAS ON THE ARC 


Although an are can be started in this manner, the 
continuance of the are after the contacts have separated 
must be due to some process of ionization of the gases 
between the are terminals. This is borne out by certain 
experiments by Sorensen and Mendenhall? on breaking 
electric circuits in vacuum. 

If the are is actually due to ionization of gases be- 


2Vacuum Switching Experiments. A. I. E. E. Transactions, 


1926, page 1102. 
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tween the terminals, it is evident that in a perfect 
vacuum an are could not be maintained. Of course, by 
introducing a heated cathode into a vacuum as is done 
in a vacuum tube, a space current will flow but this 
is not an are in the usual sense. A number of investi- 
gators, before Sorensen and Mendenhall had experi- 
mented with switching in vacuum, without very definite 
results. Even in high vacuum (0.001 mm.) they found 
severe burning of the contacts and luminous flashes, at 
the instant of opening with currents of one and two 
amperes. 

The failure of these experiments in suppressing the 
formation of an are was due, evidently, to the fact 
that the degree of vacuums used® was _ insufficient. 
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IF WE COULD ACTUALLY SEE ATOMS, THIS IS 
HOW THE JOINT WOULD APPEAR 


The point C is what we call a point of contact, but as will 
be noted there is no actual contact of the atoms A’ and B’. 
These two atoms are probably as close as they ever will be, 
the distance between them being the same as the distance 
between the atoms of the metal. If pressure is applied, the 
atoms A”, A’” and B”, B’” will undergo displacement, causing 
the space S, to diminish. 


FIG. 6. 


Sorensen not only used the best obtainable exhausting 
equipment, but all the electrodes used were carefully 
denuded of all gases. The vacuums used were as high as 
10-* mm. 

With such vacuums, Sorensen found that even when 
the switch opened 926 amp. at 41,500 v. there was no 
pitting or burning of the contacts and no appreciable 
arc. When the contacts separated, there was a visible 
are, but this persisted for only a very small fraction 
of a second. This flash no doubt was due to the heating 
of the last contact point and the consequent thermionic 
emission, but because of the absence of gas in the vicinity 
this thermionic emission did not produce ionization. 

From these experiments, it is very evident that are 
is dependent upon the presence of gas, and that the are 
is largely an ionization phenomenon, in which the elec- 
tron plays a most active part. 

Before leaving this subject of the electric are, it may 


3As high as 0.001 mm. 
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be of interest to investigate briefly, why an are can be 
maintained more easily in certain gases than in others. 
This is due to the difference in ionization potentials of 
different gases. 

Ionization has been described as the process of re- 
moving an electron from a neutral atom against the 
attractive power of the nucleus of the atom. Now, it 
may be recalled from our consideration of the structure 
of atoms of various chemical elements, that certain of 
the electrons in the outer orbits were more easily re- 
moved than others; in fact, it was the varying tendency 
of atoms to lose or acquire electrons that was responsible 
for the ability of one chemical element to combine with 
another. Certain elements were found to have atoms 
in which the electrons were so disposed as to form ex- 
ceedingly stable systems—these were the inert gases, 
helium, neon, argon, krypton, ete. There were other 
elements, such as sodium and lithium which had a single 
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electron in one of the outer orbits which was easily re- 
moved. Thus the atom of helium with two electrons 
in its orbit is stable and neither of the electrons is 
easily removed, but the atom of lithium with three elec- 
trons, one in the outer orbit, is unstable with its third 
electron and for this reason is willing to give up this 
third electron. 

An atom of this latter type, it must be obvious, can 
be ionized more easily than can one of the former type 
and this is borne out by experiment. The ionization 
potential of helium, for instance, is about 25 volts, while 
that of lithium is 5.1 volts. In other words, a free electron 
must fall through 25 volts before it acquires sufficient 
velocity to ionize a neutral atom of helium but in the 
ease of lithium, it need fall through only 5.1 v. Thus 
certain gases have lower ionizing potential than others 
and therefore are better suited to maintain the electric 
are. 


It Pays to Build Beautiful Power Plants © 


THEY Possess GREAT ADVERTISING AND Goop WILL VALUE, IMPROVE MORALE OF 


OPERATING ForcE AND LEAD TO HIGHER 


ANY THINGS impress the visitor to the modern 
generating plant: the tremendous size of the gen- 
erating units, the relatively few men needed to operate 
the plant, the increased efficiency in operation due to 
fuel and labor economies and so on. These necessarily 
make a greater appeal to the visitor if he happens to 
be an engineer. On the other hand, the big boilers, 
condensers and turbine generators are just as mysterious 
to the non-technical visitor as electric power itself. He 
knows that coal, water and air in some strange way are 
transformed into energy that lights his home and runs 
the motor-driven machinery in his mill but just how 
all this is accomplished is vague and indistinct. Yet 
he cannot help being impressed by what he sees, even 
though he does not understand how things function. 
There are, however, certain definite things that are 
stamped in his mind, which, while plain to the engineer- 
ing visitor, are not particularly noted, because his 
engineering mind is on other matters of more material 
interest to him. And among the things which impress 
the non-technical visitor and which makes a peculiar 
appeal to him are the architectural beauties of these 
buildings of brick and stone and mortar, the cleanliness 
and neatness indoors and out, the landscaping and 
general physical appearances of the generating, trans- 
mission and distribution stations. 


VALUE OF ATTRACTIVE SURROUNDINGS 


The psychological effect of this on the personnel 


also plays a prominent part. The operator, the oiler, 
in fact, every employe who works in a building, is 
affected by the surroundings. If the building is beauti- 
ful in its lines or stands out from others because of 
its architectural grace, the employe takes greater pride 
in his work than if the equipment is housed in a building 
erected merely to protect the machinery. If the grounds 
have been landscaped, the men who work on the outside 
see to it that everything is kept neat and clean. Aside 


*Public Relations Department, The Philadelphia Electric Co. 


Erricrency. By Wiiuiam H. Evans* 


from the incentive to do a good job, those men who 
work where they are surrounded by beautiful things are 
unconsciously affected and influenced by them and put 
greater effort and pride into their work. 


It may cost a bit more for graceful buildings, a 
different kind of brick or stone trim may add to the 
cost and more ground may be bought than is actually 
needed for operation, yet the net result in maintaining 
or cementing public relations and good will and in in- 
stilling pride in the employe more than offsets the 
additional expense. 

Years ago, generating stations and substations were 
necessarily smaller, because the business did not justify 
the construction of larger plants. In many eases, the 
buildings housing the equipment were just buildings. 
They were designed and built for service and the thing 
that counted was not the building itself but what it 
contained. They were built to perform a certain work 
and that was all that was required of them. In other 
words, they were just brick and stone and mortar. If 
their lines were architecturally good, that was a sec- 
ondary consideration. The public did not see much 
of them and, if it did, they made no more appeal than 
a warehouse or some other useful but plain building. 
A few public utility companies put beauty into all 
their buildings but they were the exception rather than 
the rule. 

If the public did get into these old-time plants, it 
was not particularly impressed. The machinery and 
equipment were as efficient as was possible in those days 
but the interior, so far as architectural grace and beauty 
were concerned, was just as unimpressive as was the 
exterior. Beauty of either exterior or interior was not 
thought of, as it contributed nothing to the efficiency 
of the plant, which was the sole consideration. The 
grounds surrounding the building were more or less 
unkempt and the yards were cluttered up with material 
and construction equipment. There were no grass plots 
or shrubbery and if there was any grass at all, it was 
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FIG. 1. AIRPLANE VIEW OF RICHMOND STATION SHOWING LANDSCAPIN“® 


mostly weeds and uncut grass. This picture may be 
a bit overdrawn but it is more or less typical of the 
old days. 


BEAUTY AND EFFICIENCY Go HAND IN HAND 


Contrast this with present day methods in generating 
stations and substations. Architecture has come into its 
* own in the great majority of public utility buildings. 
Architecturally they will compare with most of the 
splendid office buildings to be found in any progressive 
American city. While everything that goes into the 
building is designed to perform certain specific work in 
the most efficient and modern way, into the stone and 
brick and mortar have gone graceful lines and beauty 
is just as much a part of the modern plant as efficiency 
of operation. 

As an illustration, when the Richmond generating 
plant of The Philadelphia Electric Co. was first under 
consideration, it was known that it would be built on 
the Delaware River near the bridge over which the 
Pennsylvania Railroad carries its hundreds of thousands 
of passengers to and from Atlantic City. Up and down 
the river would ply passenger boats and other river 
craft. Conceived as it was then, to be the largest steam 
generating plant in this country, it was known that 


these hundreds of thousands of men and women would 
see it. In order to set off the huge mass of building to 
the best advantage, it was built so that it appears to 
stand on a terrace well above the river. A lawn stretches 
from the building to the water’s edge. 

At night it is flood-lighted, so that those onthe fast 
moving f{rains, as well as passengers on the river craft, 
have a thing of beauty to gaze upon, for the lighting 
brings out the fine classic lines of the building and 
reveals details not seen in the day time. Inside, the 
lofty turbine hall, with its high vaulted roof, is almost 
like a cathedral in its beauty. Even the matter of 
proper lighting and paint has added to the beauty of 
the room without detracting in the slightest way from 
the use to which any turbine hall is put. Inside and 
out there is an atmosphere of good housekeeping of 
which any housewife would be proud. The big yard 
is kept spick and span and there are grass plots and 
strips of closely clipped turf in keeping with the beauty 
of the building. 

Delaware Station was built alongside Penn Treaty 
Park, where William Penn signed a treaty with the 
Indians. The park is small but is gay with flowers; 
there are grass plots and a monument marks the place 
where the tree once flourished under which Penn and 





FIG. 2. 


AT NIGHT, FLOODLIGHTS DISPLAY TO GREAT ADVANTAGE THE CLASSIC LINES AND DETAILS OF RICH- 


MOND STATION 
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FIG. 3. DELAWARE STATION IS NOT AT ALL OUT OF 
PLACE FACING PENN TREATY PARK, SHOWN IN RIGHT 
FOREGROUND 


the friendly Indians signed their compact of peace 
more than 240 yr. ago. This station is also architec- 


4 turally a splendid building. The yard surrounding it 

F and adjoining the park is kept neat so that no jarring 

| scene greets the visitor who comes to view the historic 
park. 


j SaME PRINCIPLES ARE APPLIED IN SUBSTATIONS 


One of the most modern of the numerous substations 
of The Philadelphia Electric Co. is Wister. Directly 
across from it is the Germantown Hospital and all 
around it are fine old houses characteristic of one of 
the most beautiful residential sections of Philadelphia. 
As this substation was to be built in the center of a 
highly restricted neighborhood, everything was done to 
fit the station into the surroundings. As a result, old 
trees still stand in front of the station and all around 
it are well kept grass plots and groups of shrubbery, 
while the station itself is in architectural keeping with 
its neighbors. 

Four times a year, the four superintendents of the 
main generating stations visit the various substations 
for a survey of the exterior and interior, noting the 










































FIG. 4. WISTER SUBSTATION WAS DESIGNED TO FIT 
UNOBTRUSIVELY INTO THE NEIGHBORHOOD IT SERVES 














FIG. 5. PARTIAL VIEW OF CHESTER STATION, SHOWING 
HOW NEAT AND CLEAN THE COAL PILE IS KEPT 


condition of the equipment, the general appearance and 
neatness and other points of good housekeeping. At 
the end of the year, the station scoring the greatest 
number of possible points is awarded a certificate and 
members of the staff each receive a money award. The 
certificate (which is later hung in the substation) and 
the awards are presented at a meeting of the employes. 
This housekeeping contest was started 7 yr. ago and 
has done much to instill and promote pride in the 
various substations among the operators. 

In the congested sections of the city, whether in 
business or residential centers, the substations of the 
company add to and never detract from the surround- 
ings. Care has been taken that they are as fine archi- 
tecturally as they are splendid in station efficiency; 
and where substations are built in the suburbs, every- 
thing is done to see that the stations architecturally 
meet with the approval of the most critical eye. Where 
landscaping is possible, this is also done. 

The three modern generating stations, Richmond, 
Delaware and Chester, are architecturally patterned 
after the Graeco-Roman classical buildings as shown in 
the English Renaissance after the Napoleonic wars. 
John T. Windrim, director and architect of the com- 
pany, who has designed all the Bell Telephone Co. build- 
ings in Pennsylvania and who is also architect of Girard 
College, has designed all the generating and substation 
buildings of the company and into each and every one 
he has embodied much architectural grace, so that they 
are buildings of beauty as well as structures of utili- 
tarian efficiency. 

PENNSYLVANIA RaiLroapD Co., Broad Street Station, 
Philadelphia, Pa., has awarded a general building con- 
tract to the United Engineers & Constructors, Inc., 112 
North Broad St., for a new steam power plant and 
electric substation at 32nd and Market Sts. Work will 
proceed at an early date. Plans were drawn by Gra- 
ham, Anderson, Probst & White, 80 East Jackson Boule- 
vard, Chicago, Ill., architects and engineers. 


New orpers for 1466 steel boilers were placed in 
March as reported to the Department of Commerce by 
81 manufacturers, comprising most of the leading firms 
in the industry, as compared with 1028 boilers in Feb- 
ruary and 1462 in March, 1928. 
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Features of New 320,000-Kw. 
Extension at Hell Gate 


(Continued from page 613) 


coolers which are of the extended surface type. The 
combined capacity of the two blowers on this machine 
is 264,500 e.f.m. 

On the Westinghouse unit, an entirely different 
arrangement of ventilation is used. As may be noted 
from the photograph, a single casing is built around 
both generators. Three vertical propeller type blowers 





FIG. 13. A VIEW OF THE WESTINGHOUSE UNIT SHOWING 
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of great proportions. Such a shaft, if made in the 
ordinary way, would naturally have a large mass with 
relatively small surface while the disks have a large 
surface and little mass. In warming up, there would nat- 
urally have been a time differential in the expansion of 
the two elements and as the disks are mounted on elastic 
rings, this differential might have resulted in rough 
running and necessitated a long starting period. In 
order to avoid any trouble of this nature, the low-pres- 
sure shaft is made hollow so that it can heat up quickly. 
This shaft is 26 ft. long, 3614 in. in diameter and 
weights over 25 tons, without disks. It is bored out to 





THE ARRANGEMENT OF THE TWO GENERATORS IN A 


SINGLE CASING 


are located in a plane midway between the two gen- 
erators and below the level of the operating room floor. 
These blowers circulate the air through the generators 
and an extended surface cooler. Each blower is rated 
at 91,667 ¢.f.m., making the total capacity of the three 
units 275,000 ¢.f.m. 


FEATURES OF THE BROWN BOVERI TURBINE GENERATOR 


A general idea of the arrangement of the Brown 
Boveri unit may be had from the photograph, Fig. 2. 
Considering the unit from the steam end, the high-pres- 
sure element is located on the left and the high-pressure 
unit on the right. The steam controlling gear is located 
in the form of a battery of valves on the center line of 
the high-pressure shaft. 

The high-pressure spindle is built up of four short 
drums keyed to the shaft, each held in place by two 
patented elastic rings. The low-pressure spindle is also 
built up, consisting of 14 disks similarly keyed to the 
shaft. 

Of particular interest is the construction of the low- 
pressure shaft, which in a unit of this size is necessarily 





a diameter of 1534 in. at the center and 7% in. at the 
ends. 
STEAM CONTROLLING GEAR 


The steam controlling gear is located, in the form 
of a battery, on the center line of the h.p. turbine. 
There are six governor valves, each connected to the 
h.p. cylinder by 6 flexible steam pipes arranged in pairs 
in addition to one overload valve. There are two valve 
chests, each having its own stop valve. 

Each main valve chest accommodates a 23.6-in. stop 
valve, a 15.8-in. and a 19.7-in. controlling valve, which, 
in conjunction with three similar valves, act as bypass 
valves and control the steam admission. The arrange- 
ment is shown in Fig. 8. 

The unit is controlled entirely from the operating 
station through remote control, control being effected 
hydraulically by oil pressure which is controlled by a 
spring loaded centrifugal governor driven by the high- 
pressure turbine spindle. Steam is admitted to the 
steam chest through two hydraulically-operated main 
stop valves, each of which is furnished with a bypass 
valve, also hydraulically operated. From the main 
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Data on 1928 Installation at Hell Gate 


STRUCTURES 
Turbine room extension—Length, 70 ft.; width, 100 
ft.; height, 124 ft 
BOILERS, SUPERHEATERS, ECONOMIZERS, 


AND AIR. PREHEATERS 


Make of boilers—Springfield. 

Firing—Pulverized fuel. 

Type of boilers—Cross drum, water tube, 3 pass with 
water walls; 3 drums per boiler. 

Number—Three. 

Areas and volumes per boiler—Water heating surface, 
20,000 sq. ft.; water wall heating surface, 3800 sq. 
ft.; total heating surface, 23,800 sq. ft.; superheater 
surface, 4800 sq. ft.; furnace volumes, No. 81, 18,800 
cu. ft.; No. 82, 21, 840 cu. ft.; No. 83, 18,150 cu. ft. 

Ratios—Water heating surface to boiler room floor 
area, 7.56; furnace volume to water heating sur- 
face, No. ‘81, .79; No. 82, .918; No. 83, .763; super- 
heating surface to total water heating surface, .202. 

Boiler pressure—275 lb. gage. 

Make of superheaters—Superheater Co. 

Type of superheater—Elesco, bent tube, convection. 

Make of water cooled walls—Combustion Eng. Co. 

Type of water walls—Fin. 

Economizer data: 

Make—No. 81 and No. 82, Foster Wheeler Corp.; 
No. 83, Combustion Eng. 

Type—No. 81 and No. ga" Foster; No. 83, C. E. C. 
fin tube. 

Number—One per boiler. 

Square feet heating surface—No. 81 and 82, 26,136 
(22 rows high, 18 rows wide, 22 ft. 0 in. long 


Temperatures—Air, inlet, 70 deg.; outlet, 286 deg. 
Gas inlet, 820 deg.; outlet, 484 deg. 
Construction of setting—Water coeten furnace walls 
insulated with 1% in., 1800 semi-refractory, 4 in. 
Weber’s No. 48 plaster, finished with % in. hard 


cement. 
COMBUSTION EQUIPMENT 


Make—Combustion Engineering Co. 
Fuel preparation and burning: 
Mills—Raymond Impact No. 82, 4 per boiler, 12,500 
lb. per hr. each. 
Burners—Tangent, 3 elements per burner, 4 burners 
per boiler, 1 burner per mill. 


Air supply—Primary, 15% of total, introduced at 


mill at 280 deg.; secondary, 85% of total, intro- 
duced at burner at 280 deg 
Ash disposal—Furnace, Eodieauite: flue gas, hy- 
draulic. 
FANS 


Induced draft fan data: 
Make of fans—Sturtevant. 
Number—One per boiler. 
Capacity—275,000 c.f.m., 14 in. ¥: 
Fan drive—Motor drive, 1200 ay Westinghouse, 870, 
690, 435 r.p.m., 2300 v. 
Forced draft fan data: 
Make of fans—Sturtevant. 
Number—One per boiler. 
Capacity (each)—155,000 c.f.m., 10 in S. P. 
Fan drive—Motor drive, 400 hp., Westinghouse, 870, 
690, 435 r.p.m., 2300 v. 


COAL HANDLING EQUIPMENT 


s 


over rings); No. 83, 27,836 (56 rows high in two Equipment: 
a 18 rows wide, ft. 0 in. length of “are steel apron feeder conveyors, Link 
ubes). elt 

Air preheater data: “= automatic recording scales, Richardson Scale 

Make—Combustion Eng. Co. 
Type—Plate. ese spiral conveyors, Link Belt Co. 
Number—One per boiler. Procedure—Equipment installed in two parallel sys- 
Surface—11,840 sq. ft. tems with a capacity of 50 tons each of raw coal 
Capacity—456, 700" lb. air per hour. per hour. 
PRIME MOVERS 
MIME INOS aio wicca dione walece cee caceseees 8 9 
— WENA ee wee Cees oe ee Ke nes American Brown Boveri Westinghouse 
Eee ACO ee eC Ce Tt Cross compound Cross compound 
Rated capacity, H.P. section........ 75,000 kw. 80,000 kw 
EP. S6ction.. .. <0. 85,000 kw. 80, 7000 kw. 
Speed, H.P: section .......ccccccocece 1800 1800 
L. BEOQUO oe cease cont enres aa 1200 1800 

IGUINIG  o drc oi ncee nie c eke aeenceens Reaction, stainless steel, tapered Reaction, stainless steel, tapered 

WIGCE WOME oo 6c cece veces oe eee eee wo wo 

Purpose of bleeding........ccccccce F.W. heating F.W. heating 

"une Of SENGEGLGE a <b <c0.60 6000 cee: 3 ae, 60 cycle, 13,800 v. 3 phase, 60 cycle, 13,800 v. 

yenerator rating, H.P. section...... 88,250 kv-a. 94,200 kv-a. 

L.P. section...... 100,000 kv-a. 94,200 kv-a. 

Nr crn ler Ole ianbie Sx, o cert es taal irs owiees Closed type system, extended sur- Closed type system, extended sur- 
face cooler, 2 blowers one on each face cooler, 3 motor driven blow- 
main shaft, 264,500 c.f.m. ers, 91,667 c.f.m. each. 

ORC UNOE eg. foe core eee o owe a cise ate cs 2 direct connected exciters— 2 direct connected exciters on H.P. 
H.P. shaft, 270 kw., 300 v. shaft, 200 kw., 250 v. each. 

L.P. shaft, 310 kw., 300 v. 
MECCIIOR sas 6 oiests 6 Sosa isle stew neve 4 oil cooler in series, rotary gear Griscom-Russell oil coolers, direct 


type oil 


House generator 


pump, 
driven centrifugal oil pump. 
None 





connected oil pumps, standby tur- 
bine driven oil pump. 
One—Direct connected to L.P. shaft. 


standby turbine 


House’ senérator: rating... ....02 0060 6250 Kkv-a., kw., 60 cycle, 3 
phase, 2400 v. 
BOILER FEED PUMPS 
LAST Sr | 02) sana Pe 8 9 
PHSMIDED SISIDNOE 6.6 cicccarscnseenas 2 2 
MRE aes ou ea ecieree tt oo ese annie aes Bethlehem Dean Hill 
UE iivigindy ac.c.6- ces mele sslad one ee aaae Weir type, horizontal, single suc- 2 stage, diffuser type 
; tion, single stage. 
NO oc a65e olnicce serie edie 4.9 walga ee eeeies Turbine Westinghouse Turbine 
CNC aan re oe erce sere wWiow een aes 2000 g.p.m. of 210 deg. F. water at 2000 g.p.m. of 210 deg. F. water at 
3600 r.p.m., and 500 lb. per sq. in. 2800 r.p.m., and 500 lb. per sq. in. 
discharge pressure. discharge pressure. 
FEEDWATER HEATERS 

EPMA RUNG oie cscs we occ cc ee ecw 8 * 9 
Witmbér fGtalled «occ iccscneeeses 2 2 
— MT are re ene ciarix 60 cl kare lnateck aratbvorocat Elliott Co. Cochrane 
IRENE (bcwig: co ardk Cie OK A Kee pes ee eweee es Cylindrical, closed, floating head Cylindrical, closed, foating head 
Surface, E.P: heater ....o6eses cece 5900 sa. ft. 5400 sq. ft. 

BEF GEES ooo oc ae ceeess 5900 sa. ft. 4350 — 

Si Sere cee ee Rare eer Ope % in. O.D. % i 
tapes at 160,000 kw., L.P.heater.. 1,690,000 1lb-hr. 1,497, 700 Se hr. 
"H.P. heater... 1,880,000 lb-hr. i, 705, 7000 1b-hr. 


CONDENSERS 


Unit number—8 and 9. 
Make—Westinghouse. 
Type—Double 2-pass, radial type, surface ‘iitiinn 
Tube surface—137,500 sq. ft. 
Tubes—32,000, % in. O. D., No. 18 Admiralty. 
Sq. ft. tube surface per rated kw. of prime mover—.86. 
Circulating pump data: 
Number per condenser—2. 
Make—Westinghouse. 
Capacity (each)—77,500 2 
Drive—Direct connected, #50/190 hp., 40 deg. motor, 
type “C8,” 2300 v., 3 phase, 60 cycles, 290/217 r.p.m. 


Capacity per kw. installed—.$7 g.p.m. per kw. 
Hot well pump data: 
Number per condenser—3. 
Make—Westinghouse. 
Capacity (each)—875,000 lb-hr. 
Drive—Direct connected, 100 hp., 870 r.p.m., 2300 v., 
induction motors. 
Air pump data: 
Number per condenser—3. 
Make—Westinghouse. 
Type—3 stage, steam jet air ejectors. 
Capacity—64 c.f.m. at 29.5 in. vacuum. 
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valves, the steam enters the turbine through seven gov- 
ernor valves, two primary, two secondary, two tertiaries, 
and one quarternary, each opened by oil pressure and 
each controlled by a small pilot valve. In starting and 
shutting down the unit, a small controller is used for 
opening and closing the bypass and main stop valves. 

Loads of 50,000 kw. and under are carried by the 
primary valves, from 50,000 to 90,000 both primary and 
secondary valves are opened and at full load, 160,000 
kw., all seven valves are opened. 

In providing these turbines, it was necessary to design 
them with a fairly flat efficiency curve. A full load 
capacity of 160,000 kw. was required, while a flat effi- 
ciency curve was stipulated for between the loads of 
55,000 and 90,000 kw. Hence, the units are required 
to take an overload of 70,000 kw. 

The load at Hell Gate is subject to extremely rapid 
changes. At times of sudden thunder storms, the load 
demand on the system may rise as much as 350,000 kw. 
in a few minutes. In one case of a snowstorm which 
commenced in the morning at the moment of changing 
shifts, the load rose for three hours at the rate of 3000 
kw. per min. 

To meet this demand for a very flat efficiency curve, 
some sacrifice of maximum efficiency was necessary, as 
shown in the accompanying tabulation: 

RN od die pets or dean 55,000 90,000 130,000 160,000 
Steam consumption lb. per kw- 


hr. at 265 lb. gage, 200 deg. F. 
suph. and 29 in. vacuum 9.8 10.2 10.7 


The corresponding efficiency ratios at the above loads, 
with the generator efficiencies also tabulated, are as 
follows: 


90,000 130,000 160,000 
93 95.75 96.4 97.0 
0.8 0.8 0.8 0.85 


Eff. ratio at turbine from stop 
valve to condenser 82.7 82.7 80.0 77.4 


The foregoing figures include the energy required 
for the ventilating motors. When the unit is operating 
at 90,000 kw. and bleeding steam for feedwater heating, 
the heat consumption of the whole machine is 11,660 
B.t.u. per kw-hr., corresponding to a thermal efficiency 
of 29.25 per cent from the steam at the main stop valve 
to the switchboard. 

When operating at maximum load, without bleeding, 
the Brown Boveri machine is designed to use 1,710,000 
lb. of steam per hour. This corresponds to 215,000 gal. 
of boiler feedwater per hour. 


DETAILS OF THE WESTINGHOUSE UNIT 


The Westinghouse turbine is rated at 165,000 kw., 
the slightly higher rating being due to the fact that in 
addition to the main generators, this unit also drives a 
5000-kw. house generator. This house generator and its 
exciter are attached to the lower-pressure element. The 
high-pressure element carries the two main exciters, one 
for each main generator. 

As already explained, the two generators are placed 
side by side and are enclosed in a common sheet metal 
easing with the three ventilating fans between. 

This machine, complete, weighs 1241 tons or about 
7.5 Ib. per 1000 kw. The high-pressure cylinder struc- 
ture consists of cylinder base and cover, each made in 
two parts, a high-pressure and a low-pressure end, 
which are bolted together during construction and there- 
after each treated as one piece. The cylinder is sup- 
ported on four lugs integral with the cylinder base and 
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located as near as possible to the plane of the horizontal 
flange and resting on suitable pads or machine surfaces 
on the coupling end and thrust end bearing pedestals 
respectively. These lugs are free to slide on the pads 
in any direction, consequently the cylinder is free to 
expand without restriction. The low-pressure cylinder 
consists of a base and cover each made in three parts 
and enclosing a loose blade ring which carries all the 
stationary blading except the last row of guide vanes at 
either end. The cylinder is anchored at the coupling 
and bearing pedestal and is supported on four chairs 
each of which is free to expand laterally or axially. 

Rotating blades throughout the turbine, both high- 
pressure and low-pressure, are made of stainless steel, 
and the cylinder or stationary blading is of stainless 
steel as well, except for the last rows of guide vanes in 
the low-pressure cylinder, the final row being made of 
cast iron and the two preceding rows of cast manganese 
bronze. 


All the spindle blades, except the last three rows at 
either end of the double fiow low-pressure spindle, are 
fastened with a T-head fastening which has béen in 
use for some years past with highly satisfactory results. 
The last three rows at either end of the low-pressure 
turbine are secured with a new type of fastening of a 
high degree of efficiency. This has been designated by 
the term ‘‘side entry blading.’’ These blades have a 
curved serrated root, the serration taking the form of a 
buttressed thread, and instead of being entered in a 
circumferential groove in the customary manner, they 
are entered axially into grooves machined across the 
periphery of the blade disk. : 

Although, at the time this order was placed, the 
Westinghouse Company had already developed the so- 
called impeller type oil governor, the engineers of the 
United Electric Light & Power Co., because of the 
excellent regulating characteristics of the older fly-ball 
governor and perhaps with a view to station uniformity, 
preferred to have this turbine equipped with the fly-ball 
governor which for years past has been this manufac- 
turer’s standard. The valve control system, however, 
embodies a number of new features. 

The steam supply is brought to the unit through 
two 28-in. lines each connected to a steam strainer and 
a throttle valve. Six inlet valves arranged in two 
groups, control the admission of steam to the high-pres- 
sure turbine. These valves are arranged to open in 
four steps. One primary valve and one secondary 
valve each admit steam to a nozzle group in the impulse 
element. For the tertiary load, two valves open together 
and admit steam to the impulse wheel chamber, by- 
passing the impulse element. This combination will 
earry loads up to 120,000 kw. For the maximum load 
of 165,000 kw., the fifth and sixth valves open together, 
admitting steam between the first and second reaction 
blade groups. Each of these valves is actuated by an 
independent operating piston controlled by an individ- 
ual relay. These relays in turn are cam actuated from 
a main operating piston controlled by the main governor 
relay. 

Motive oil for the relays and operating cylinders is 
supplied by the main oil pump. In this connection, a 
feature of particular interest is the arrangement of the 
lubricating system. The main oil pump, instead of 
being of the usual vertical gear or rotary type, driven 
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from the turbine shaft by means of a worm and gear, 
is a centrifugal impeller mounted directly on the main 
turbine shaft. Employment of a centrifugal pump for 
this purpose has been impracticable hitherto because of 
the fact that the oil reservoir is of necessity located at 
some distance below the shaft centerline and no satis- 
factory means were available for priming the centrifugal 
impeller or of insuring the maintenance of a positive 
suction head. A practicable and satisfactory combina- 
tion of this kind has now been achieved by employing 
part of the oil discharge by the impeller as motive fluid 
in an oil ejector. This ejector raises from the reservoir 
a large quantity of oil at low pressure and delivers it 
under a small positive head to the impeller inlet cham- 
ber. Since an auxiliary oil pump must be used in any 
case during starting and stopping, when the speed of 
the main oil pump is too low to produce the required 
pressure, this system provides a compact and self- 
contained lubricating arrangement in which the only 
moving element is an ordinary centrifugal pump runner 
and by means of which all driving worms and gears or 
other wearing parts are eliminated. 

The auxiliary oil pump is a vertical centrifugal 
pump driven by a small turbine and provided with 
automatic control by means of which it will be started 
up whenever the lubricating system pressure falls below 
a predetermined safe limit. 

The steam chest is anchored solidly to the founda- 
tion, provision being made to take care of the expansion 
of the steam chest parts. Connection is made from the 
steam chest to the high-pressure turbine by means of a 
number of long relatively flexible pipe loops underneath 
the floor level. The effect on the turbine of tempera- 
ture changes is further minimized by making the inlet 
loops of such length that in the initial cold condition, 
the high-pressure turbine will be subjected to a con- 
traction strain, thus approximately halving the value 
of the ultimate expansion strain at maximum tempera- 
ture. 

CONDENSING EQUIPMENT 


Since the low-pressure elements of-both units are 
of the double flow type, each low-pressure element is 
provided with two exhaust connections. Each of these 
connects to one half of the double condensers, which are 
installed directly below. 

Condensate is removed from the condensers on each 
unit by three centrifugal hot well pumps, each having 
a capacity of 875,000 lb. per hr. and driven by 100-hp. 
motors. These three pumps discharge into a single 
header which connects directly with the condensers of 
the steam jet evactor on that unit. Passing through 
the evactor condenser, the condensate next enters the 
low-pressure extraction heater where it is heated by 
steam extracted from the fifth stage of the low-pressure 
turbine and then is delivered to the high-pressure heater 
which is fed from the high-pressure turbine exhaust. 
From the high-pressure heater, the water is delivered 
to the boiler feed pumps and then to the economizers. 

Condensate produced in both of the heaters is also 
delivered into the feedwater line. From the high- 
pressure heater, condensate is trapped and delivered 
into the hot well of the low-pressure heater, where it 
mixes with the condensate produced in that heater. 
This combined condensate is pumped into the feedwater 
line at a point just ahead of the high-pressure heater. 
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Makeup water is supplied to the system from a surge 
tank, connected to the system between the evactor con- 
denser and the low pressure heater. 


ELECTRICAL FEATURES 


In providing switching facilities for handling the 
increased output of the station due to the addition of 
the two new turbine units, it was necessary to alter 
the existing system of bus arrangement. As originally 
planned, there were nine bus sections, sections 1 to 4 
of which were on 25-cycle service and sections 5 to 9 
on 60-cycle service. Just previous to the 1928 extension, 
all the bus sections with the exception of section 9 were 
in use, section 9 having been reserved for the last gen- 
erating unit, No. 8. The new extension, however, in- 
cluded two new generators, hence it was necessary to 
alter the existing bus arrangement so as to provide one 
whole bus section for each of the new units. 

This was accomplished by the method shown in Fig. 
14, In this illustration, at A, is shown a simplified 
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SINGLE LINE DIAGRAM INDICATING CHANGES 
IN THE ELECTRICAL SYSTEM 


FIG. 14. 


diagram of the existing bus arrangement before the 
1928 extension. At B is shown another diagram show- 
ing the new arrangement of the 60-cycle circuits. 
Generator No. 5, a 25-cycle machine originally connected 
to bus section No. 4, is now connected to section No. 3. 
This change made it possible to use section No. 4 for 
60-eycle service, so it was reconnected so as to take 
current from generators, 1 and 6. The connections 
from the other machines were changed so as to leave 
bus sections No. 5 and 6 available for one of the new 
units (unit No. 8). The 165,000-kw. Westinghouse was 
connected to bus sections No. 8 and 9. Current is gen- 
erated by the new machines at 13,000 v. which is that 
of the 60-cycle station system. 

With the completion of this extension and possibly 
the addition of two additional boilers next year, Hell 
Gate will have reached its ultimate capacity. 

In conclusion, acknowledgment is made to the 
officials of The United Electrie Light & Power Co. for 
many courtesies extended in the collection of material 
used as the basis of this article and for supplying the 
photographs and drawings. Credit is due, also, the 
Westinghouse Electric & Mfg. Co., for furnishing in- 
formation on the construction of its turbine. 
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Edgar Station 


IGH PRESSURE has changed its meaning 

rapidly during the past few years. Not so 

long ago, it referred to anything above 150 

lb. Then it changed to 250, 400 and now any- 

thing under 500 lb. would be considered as 
ordinary pressure. For latest large-station practice, 
probably 500 to 600 lb. may be considered as an estab- 
lished standard but the 800 to 1500-lb. stations are still 
considered by many as experimental and the 3200-lb. 
plants as commercial laboratories. Do the facts justify 
this mental attitude? 

Like all advances, extra-high pressure had its begin- 
ning far back. In reviewing the advances, Mr. Orrok 
has pointed out that Ernest Albans worked with pres- 
sures up to 1200 lb. as far back as 1840 and that in 1897 
DeLaval ran a 50-hp. impulse turbine at 1420 lb. and 
a 100-hp. unit at 2840 lb. and 750 deg. from a flash type 
boiler. Industry was not ready for such radical changes 
nor could durable equipment for such conditions have 
been built at a commercial cost or in commercial sizes 
but the latest development of these experiments is seen 
in a 600-hp. unit running at 6000 r.p.m. and 1420 Ib. 
pressure. 

Wuat HieH PressuRE OFFERS 

Naturally, the question arises, why incur extra cost 
of installation and upkeep when pressures of the 600-lb. 
range are showing satisfactory economy? The answer 
is to squeeze the last fraction of a kilowatt-hour out of 
a heat unit. High temperature peps up a heat unit and 
gives it greater capacity for work. And it is found by 
studying a temperature-entropy diagram that the higher 
the pressure, the more kick the heat unit will have be- 
fore it gets fagged out at the low limit in the condenser. 

The low limit, at which the heat unit gives up the 
fight, exhausted, has been pulled down with high- 
vacuum condensers as far as it ean go, so the only way 
to get additional work is to shove up the initial pressure 
and temperature. 

Here are encountered certain physical limitations: 
properties of the materials available for boilers, super- 
heaters and turbines, condensation in the steam during 
great expansion and the complication of plant to handle 
high pressures and temperatures yet avoid increasing 
the possibility of interrupted service. 

All these have, however, been studied and tried out 
so that we have a clear idea of what can be done. 

Comparing results at 500 Ib. with those for higher 
pressures we find from such authorities as Moultrop, 
Dillon, Jowett and Collings, who speak from experience 
as well as careful analysis, that without reheating the 
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700 Lb.—1200 
Or 3200? 


Prove To 


For Kw. 
At Low 


steam and with stage heating of feedwater, pressures 
above 400 lb. have no economy, while studies made for 
the Holland plant showed that 400 lb. without reheat 
and with two or three-stage feed heating indicated better 
dollar economy than 550 lb. with one reheating, the 
gain in heat efficiency being offset by increased fixed 
charges. , 

















Lakeside Station 


As an index of the thermal advantage, Dillon has 
shown that for 700 deg. initial temperature, 1 in. 
exhaust pressure and two-stage feed heating, the pos- 
sible thermal efficiency for 500 to 700 Ib. initial pressure 
and no reheating is 30 per cent; for 500 lb. with one 
reheat is 31.2 per cent; for 700 lb. and one reheat, 
32.5 per cent; and for 1200 lb. and reheat, 33.5 per 
cent. Considering turbine and Rankine efficiencies, this 
works out as follows: 


Pressure -—-Turbine Eff.,Per Cent—, -Rankine Eff., Per Cent 

Ib. no reheat one reheat no reheat one reheat 
500 83.5 $7.5 
700 83 38.2 
1200 E 82 40.2 


Collings shows that, with stage heating to 60 deg. 
below boiler temperature, initial temperature of 700 
deg. and reheat at % throttle pressure to 700 deg. the 
heat values on a purely thermal basis will be: 


B.t.u.kw-hr., 

net output 
11,265 
10,795 
10,530 


B.t.u. per Btu. to 
kw-hr. turb. aux. per kw-hr. 
500 515 
700 i 495 
1200 530 


Pressure 
lb. 


With losses taken into account, Moultrop has shown 
that up to 1925, with pressures of 500 to 600 lb. the 
possible net output was 1 kw-hr. for 14,000 B.t.u. With 
1200 lb. this was lowered to 13,000 B.t.u. He also 
states that, compared to 400 lb. with no reheat but 
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stage feed heating, the use of 1200 lb. with reheat at 
350 lb. to 750 deg. will show 12 per cent gain and 
with reheat to 900 deg., 15.5 per cent gain. 

Will higher first cost offset thermal gain? This 
question is vital but analysis and experience seem to 
return a negative answer. Moultrop has shown that of 
the cost of a station, only 41 per cent is increased by 











Northeast Station 


going to extra-high pressures. This includes the tur- 
bine-generator and boiler plant equipment. Switch- 
house and gear cost the same regardless of steam 
pressure and account for 22 per cent of total plant 
cost. On the other side, for buildings to house boiler 
and turbine plant, for fuel and ash handling and draft 
equipment, also for the condensing system, a total of 
37 per cent of the plant, cost will be decreased by extra- 
high pressure because of increased capacity of equip- 
ment and less fuel and steam to be handled. 

Peculiarly, analysis of the Holland plant showed 
that the first cost of a 1200-lb. turbine-generator would 
be less per kilowatt capacity than that for a 550-lb. 
compound unit with reheat. Also the use of high pres- 
sure permits more of the total heat transfer surface 
of an installation to be provided in economizers and air 
preheaters for which the cost per square foot is much 
less than in boiler heating surface. Economizers made 
up 17.6 per cent and air heaters 46.3 per cent of the 
total in the plant as against 12 per cent in boilers and 
6.9 per cent in superheaters while cost per square foot 
as compared with boiler surface was 23.2 per cent for 
economizers and 4.4 per cent for air heaters. 

While experience has shown that the high-pressure 
plant can operate at half load with as good comparative 
heat economy as one for lower pressures, it is also shown 
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that, when operating on an interconnected system, it is 
unwise to install spare high-pressure boilers. Outage 
for boilers is small and it is better to carry load tem- 
porarily by foreing the units in service or by trans- 
ferring load to moderate-pressure plants of the system. 


TYPICAL PRACTICE 


Pioneer among American plants, the Edgar Station 
began in 1925 with a 3150-kw. unit at 1200 lb. pressure 
and 700 deg. and no air preheating. As a result of 
experience, pressure was raised to 1400 lb., temperature 
to 733 deg. and output to 10,000 kw. in the second 
installation, 1928. And for the third installation, now 
nearing completion, 1400 lb., 750 deg. and 12,000 kw. 
were selected. Other developments are shown in Table I. 


TABLE I. DATA OF EDGAR STATION UNITS 





lst Unit 2nd Unit Srad_Unit 
1925 1928 1929 


Equipzent 





Boiler Press. 1b. 1200 1400 1400 


Boiler Tubes 
Lower bank 2" by 15° 3 1/4" by 19'| 3 1/4" by 19° 
2" by 15° 2" by 17° 1 pass 
48"-dry pipe 48"-dry pipe | 52"-12 nozzle 
15732 15093 97 
3 sides water 
1235 


Upper bank 
Boiler Drum 
Boiler h.s.,sq.ft. 
Furnace walls 
Water wall surf.sq.ft. 
Superheater type 
Superheater surf.sq.ft. 
Superheat deg. 700 7353 
steel tube return bend 
11,092 5596 


refrac. 3 sides water 
i) 206 

4-pass hor. 3-pass hor. 4-pass vert. 
2923 3483 5096 


750 
Economizer, type hairpin bend 
Economizer surf.sq.ft. 9634 
Economizer in teap.deg. 420 
Air Heater surf. sq.ft. ie) 33,032 
Reheat, deg. 1b. . 750-370 
Reheater surf. sq.ft. 8879 
Total h.s. sq.ft. 67,318 
Steam, lb. per hr. 250,0CO 
Turbine capac. kw. 


10,000 
Turbine type 


16 stage 
1 valve 


14 stage 


1 valve 5 valve 














Practice in other stations has been within the limits 
thus tested out and data of typical stations are given 
in Table II. It is notable that at Holland and Deep- 
water the entire plants were designed originally for 
extra-high pressure, while other plants have had the 
extra-high pressure units superimposed on equipment 
already in service. At Holland an unique feature is re- 
heating partly by live steam and partly by hot gases. 
At Deepwater, one high-pressure unit is to be run non- 
condensing, the exhaust being sold to a near-by indus- 
trial plant. ail 

One distinct advance in units operating on varying 
load is the use of five valves for steam admission to 
the turbine in place of the one valve used first. The 
gain is shown by a comparison of estimated steam con- 
sumption for Deepwater units to run at 1200 lb. and 
725 deg. For a 10,000-kw., one-valve unit the consump- 
tions at 14, %4, 34 and full load were, 88, 57.5, 46.5 and 
40 lb. of steam per kilowatt-hour developed by the 
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high-pressure unit: while for a 12,500-kw. unit with five 
valves for like loads the figures were, 53, 43, 41.5 and 
41.5 lb. For Holland and Deepwater it is planned 
that the extra-high pressure turbines will develop about 
14 the power of the 400-lb. turbines to which they will 
exhaust, reheat being to initial temperature. 

For the Northeast Station, figures given by Jowett 
show 13,810 B.t.u. per kw-hr. for the high-pressure unit 
as against 16,800 for the 300-lb. units. Cost for the 
1400-lb. boiler was $30 per kw. of total power and for 
the 1200-lb. turbine $31 per kw. These costs were 31.6 
per cent more than for a 300-lb. installation of like 
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Creep is a comparatively new but very real bug-a- 
boo. It is the tendency of ultimate stress and elastic 
limit of a material to become lowered under long con- 
tinued subjection to high temperature and, while prob- 
ably present at all temperatures, it starts being trouble- 
some at fairly well defined temperatures for different 
materials. 

For instance, Davey states that for 35 per cent 
earbon steel, creep effect becomes evident at 400 deg. 
Up to 500 ‘deg. it is not great, but at 750 deg., creep 
reduces ultimate strength from 83,000 lb. down to 
40,000 Ib.; at 900 deg., the reduction is from 66,000 lb. 
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TYPES OF HIGH-PRESSURE INSTALLATIONS: 


capacity but the fuel saving was three times the fixed 
charges on the greater cost. 


EUROPEAN PRACTICE 


While American practice has stopped at 750 deg., 
several European plants are using up to 860 deg. al- 
though at pressures of 750 to 900 lb. In contrast, some 
units are being tried out at 3200 lb. boiler pressure, 
although the turbine pressure is 1420 lb. and tempera- 
ture 750 deg. Tenders have been made for plants to 
operate at 900 deg. but.at moderate pressure. 

No especial trouble has been encountered over several 
months of operation but it seems unlikely that there 
will be any widespread development at these extreme 
conditions until experience gives more data as to cost 
and difficulty of upkeep over extended periods. 


Way Stor at 1500 Ls. ? 


For one thing, Moultrop estimates that commercial 
-economy will not be increased with pressures above 
that figure. Another limit is the safe stress of available 
materials and high cost of construction when building 
the large size units demanded by modern plants. 


Economizer 
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EDGAR THIRD UNIT, NORTHEAST, HOLLAND 


down to 16,000 lb. Strength decreases as temperature 
rises, even without the creep effect, but that effect 
greatly augments such decrease, after a period of ser- 
vice. Obviously this effect becomes of more concern 
as pressures are increased. 

Just how creep acts and its effects are not certain 
but, as a guideboard, the ‘‘temperature margin’’ has 
been discussed. This is the difference between actual 
temperature of the metal when in use and the tempera- 
ture at which the creep effect becomes serious. Orrok 
gives as a safe value 200 deg. F. He states that, for 
materials now used, the temperature margin at 200 lb. 
pressure is 480 to 600 deg.; at 1400 lb. this drops to 
from 70 to 185 deg. and in 1200-lb. superheaters to 100 
deg. The result is shorter tube life and the remedy 
more rapid circulation to carry away heat faster so as 
to reduce the temperature of the tubes. Also use of 
special materials whose dangerous creep temperature is 
higher. 

Davey gives the serious creep temperature for 
chrome-nickel alloy steel as 500 deg. and Mellanby states 
that this material is as safe at 1500 lb. or 900 deg. as is 
cast steel at 250 lb. or 400 deg. 
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In operation of extra-high pressure equipment, it 
has been found that the same care and attention are 
required as for ordinary pressures, with especial care 
to insure clean feedwater. Pure condensate and dis- 
tilled make-up water have been found essential on ac- 
count of the high rate of heat transmission and the 
necessity for keeping tube surfaces clean. 

At Lakeside, leakage in the condenser caused some 
seale formation in the boiler and it was found that, with 
1/82 in. of scale, operation was feasible but that 1/16 in. 
of scale caused failure. Excess of oxygen above 0.45 cu. 
centimeters per liter caused corrosion. When alkalinity 
of 781 parts per million was maintained and oxygen 
reduced to 0.055 cu. cent. per liter, corrosion stopped. 
There was, however, a slight alkaline deposit in the 
superheater and coating on turbine blades which lowered 
the turbine capacity materially. With alkaline solids 
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appeared but did not seem to increase. One source of 
loss is interstage leakage. By checking up on and re- 
ducing this the ratio of 1200-Ib. power to 300-lb. aie 
was raised from 0.742 to 0.80. 

In early plants, overheating of tubes at local points, 
due to intense heat transmission, caused splitting and 
deformation, which was overcome by better shielding of 
tubes and change of furnace to avoid creating local 
excessive temperatures. 

Among accessories, the feed pump is, perhaps, the 
most bothersome problem, as the high pressure has 
called for several-stage handling, resulting in an overly 
large and costly equipment, but performance is satis- 
factory. Progress is being made toward more compact 
and less expensive designs. 

From recent designs, it would seem that heat trans- 
fer in the auxiliary operations of feedwater and air 






DATA OF REPRESENTATIVE HIGH-PRESSURE AND TEMPERATURE PLANTS 


























gar Edgar 
Name of Plant lst unit Srd unit Lakeside Northeast Hollana Deepwatcr |Langerbrugge| Yernigerode | Siemenstaadt 
Boilers 
Type cross drum cross drum Stirling Ladd 3 drum] cross drun cross drua Schnid Benson 
Press. 1b.gage 1260 1400 1300 1400 1400 1350 750 870 3200 
Output lb. per hr. 143,000 300 ,000 300,000 250,000 290 ,000 
Ponce surf. sq.ft. 15,732 15,093 28,532 16,950 7,928 9,623 4,765 1,420 2,329 
naces 
Walls Refract. Water Water Water Water Water Refract. Refract Refract 
Water wall surf.sq.ft. t°) 1206 1544 3295 0 i) Q 
Superheaters 
pe 4 pass hor. 4 pass vert. inel. tude hor. 
Temperature, deg.F. 700 760 730 725 750 725 842 360 752 
Heating surf. sq.ft. 2923 5096 930 2650 4560 1172 1420 
Economizers 
Type steel tube hairpin none fin tude tube return bend 
Surface sq.ft. 11,091 9634 10,891 11,880 18,526 210 3280 
Temp. in. deg.F. 250 .. 420 430 
Reheater 
pe convection convection radiant radiant steam conv. | sep.boiley 
Surface sq.ft. 5938 6936 933 1508 11,450} 4811 
Pressure lb. gage 370 370 425 425 385 
Outlet Temp. deg. F. 700 750 720 735 750 725 
Total heating surf.sq.ft. | 35,684 59508 
of unit 
Turbines 
Type of high press. 20 stage 14 stage 20 stage 14 stage 9 stage 
Steam press. 1b.gage 1200 10 1250 1200 1200 1200 1325 
Temp.initial deg. F. 700 750 725 725 750 725 752 
Exhaust press. lb.gage | 370 370 325 315 400 385 200 
Rating kw. $150 12000 7500 10,000 11,800 12,500 1000 
Air Heater 
6 none tube plate plate plate tube plate 
Surface sq.ft. te) 29,665 20,160 39,270 32,450 4900 
Temp. out, deg.F. 650 400 



































cut to 383 p.p.m. and oxygen held at 0.03 cu. cent. per 
liter and with baffles in the steam drums ahead of out- 
let to the superheater, all troubles ceased. 

In the earlier operation of the first installation at 
Edgar Station, slugs of water sometimes came over 
when boiler feed was hand regulated. This has been 
overcome by special automatic regulator design. Also 
there was slagging on the lower tube bank, due to the 
small spaces allowed between the 2-in. tubes. With 
the larger tubes of later installations, this has not 
oceurred. 

Deposit of iron oxide powder in the tubes and on 
turbine blades was found due to corrosion in the 
economizer from excess oxygen in the feedwater, which 
was remedied by deaeration. 

On the mechanical side, anticipated difficulty with 
valves, joints and piping has not materialized. Fittings 
tested by X-rays have been satisfactory from the start 
and the slight trouble from defects in those not so 
tested has been quickly overcome. Hand-hole gaskets 
have leaked some but this has happened even at ordi- 
nary pressures. It was remedied by pressed asbestos 
or other form of. high-pressure gaskets. 

Gage glasses of special design were needed and have 
been developed. 

Turbine vibration was not violent and has been over- 
In some units blade and nozzle deformation 


come. 





heating will be further developed, leaving less for the 
boiler structure, proper. A high-structure boiler with 
air-heater, economizer and superheater built as a unit 
and a single boiler unit large enough to supply a tur- 
bine unit will aid simplicity of plant and piping 
arrangenent. 


So far as United States practice is concerned, it 
would seem to be stabilizing in the extra-high pressure 
field at 1200 to 1400 lb. and 750 deg. European opera- 
tion at 800 deg. and above must be considered as com- 
mercial experimenting not yet sufficiently proved to be 
dependable for any considerable part of a station’s 
capacity. Of particular interest is the announcement 
recently made, as noted elsewhere in this issue, that 
The Detroit Edison Co., at its Delray Power House No. 
3, plans to experiment with a 10,000-kw. British Thom- 
son-Houston turbine taking throttle steam at 400 lb. 
pressure and a total temperature of 1000 deg. from a 
separately-fired superheater. 


Results from the Rugby, Eng. plant to be equipped 
with Benson boilers for 3200 lb. and with an 18,000-kw. 
turbine-generator unit to run at 1764 lb., 910 deg. F. 
and 3000 r.p.m. will be looked for with great interest. 
Makers express readiness to guarantee boilers for 900 
deg. but accessory equipment and the durability of 
plants operated at that temperature are as yet uncertain. 
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Care and Maintenance of Hydraulic Turbines 


INSPECTION SHOULD DETERMINE CONDITION OF RUNNERS, GATE MECHANISMS, Gov- 
ERNORS AND ACCESSORIES AND PROPER ADJUSTMENTS AND Repairs Must Be Maps 


N ANY hydroelectric plant, proper care of the water 

wheels and their various accessories is just as essen- 
tial in maintaining the efficiency of the station as is 
the corresponding care given to steam turbines. Despite 
the fact that water wheels rotate at comparatively low 
speeds, when compared with steam turbines, the same 
factors of balance, clearances, wear and pitting must 
be considered. 

Many of the details of water wheel installations are 
different, not only because of differences in manufac- 
turers’ designs but also because, even with turbines of 
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for the smallest possible time to do this, but not taking 
it out of service for overhauling until inspection reveals 
a condition that must be remedied at once. At the other 
extreme are companies with regular schedules for over- 
hauling as well as inspecting, adhering to these schedules 
as closely as possible. Frequency of overhauling in 
such cases may be changed from time to time, as a 
result of improvements, particularly in items minor in 
themselves but necessitating outage of the entire unit 
for their repair. In general, most companies endeavor 
to do their major overhauling either at the season of 
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the same general design, the manufacturer may make 
slight modifications in each separate installation to meet 
differences in requirements. Any procedure for care 
and maintenance of water-wheels should for that reason 
be determined to some extent by the design; only the 
most general rules can be laid down. 

Considering the work they do, says Wm. W. Tefft,* 
hydraulic turbines receive less attention than other types 
of prime movers. This seems to be more true in indus- 
trial hydroelectric plants than in central stations. Open- 
flume turbines have been found operating two or three 
years without inspection; during this time guide vanes 
or links may have broken, thus allowing water to be 
wasted and main bearings may have worn badly, allow- 
ing the runners to rub, breaking the runners or causing 
serious vibration. 

Mr. Tefft recommends that open-flume turbines be 
shut down for inspection every four or six weeks, this 
frequency depending somewhat on the number of units 
in the plant. By inspecting one unit a week, on Sunday 
or at some other convenient time, a good schedule can 
be maintained. 

There is, of course, a wide divergence in maintenance 
or overhauling practice among various operating com- 
panies. Some companies have no prearranged schedule 
of overhauling. Annual, semi-annual or monthly in- 
spections are made, taking the equipment out of service 


*Hydroelectric Handbook, by Creager & Justin. 


lowest water flow or, if there is no such period, at the 
season of lowest load demand. 

«During inspections, several important points must 
be given attention. Water passages around runner and 
guide vanes should be cleared of any foreign matter. 
Runner clearances should be checked with thickness 
gages and the main shaft bearings adjusted to make 
the runner central. Gate mechanism should be inspected 
to see that there are no broken or worn links and that 
all gates close tightly. Regulating mechanism connec- 
tions are usually lubricated by grease cups or alemite 
fittings and these fittings should be inspected, cleaned, 
if necessary, refilled and every precaution taken to 
ensure that lubricant will reach the bearings, not only 
to lubricate them but also to prevent rusting. The 
runner should be inspected for pitting, which will be 
discussed later. All foreign material should be removed 
from flume or penstock. The drains should be inspected 
for leakage and everything put in proper condition for 
refilling the flume. 

One reason why open-fiume turbines receive less 
attention than they deserve, says Mr. Tefft, is because 
of the difficulty of raising and lowering head gates. 
Motor-operated gates would, in such case, pay for them- 
selves in time and labor and in the better inspection 
that they would make possible. 

As pointed out above, it is not desirable, because of 
differences in conditions, to attempt any wide stand- 
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ardization of inspection and maintenance methods in 
various points. Tables I and II, however, show two 
inspection sheets used by two large companies, which 
show the various items that are to be looked at during 
an inspection and which give some idea of the general 
procedure that may be followed. 

Gate mechanisms of the outside type, with the 
actuating mechanism on the turbine cover plate, are 
usually fitted with some form of grease cups or alemite 
fittings as noted above. These are usually turned down 
or greased from one to three times a day. This fre- 
queney depends, of course, on the amount of regulating 
done by the mechanism and, to some extent, on the 
character of the water passing through the turbine. 

General procedure for turbines of the spiral case 
type is the same as for open flume turbines, as noted 
above. They are often inspected every two or three 
months. The water passages are to be cleaned, guide 
vanes and runner inspected for pitting, runner tested 
for clearance and bearings adjusted to center the run- 
ner, guide vanes tested for leakage, and so on. 

Main bearings of vertical turbines are often of the 
water-lubricated lignum-vitae type. Often the cooling 
water for these bearings is taken from two sources; one 
a hole tapped in penstock or turbine case, the other a 
reservoir, a pumping system, a well or a settling basin. 
In many rivers, the penstock supply is unfit for such 
use during freshet flows, as it may contain small sticks 
and leaves; in winter frazil ice may cut off the flow 
to the bearing. Water from a penstock or river, of 
course, can be passed through a fine screen before going 
to the bearing; a duplex screen arrangement is desirable 
so that the flow of water can be maintained while the 
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TYPICAL INSPECTION REPORT OF CONSUMERS 
POWER CO. 
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sereen is being cleaned. Sight flow indicators and 
alarms in bearing circulating-water pipe lines are con- 
sidered an absolute necessity by most operating en- 
gineers. 

Bearings lined with rubber are sometimes used on 
water wheels; these are lubricated with water and it is 
claimed that the same care does not need to be exer- 
cised te eliminate grit as is required with the lignum- 
vitae type. 

Babbited, oil-lubricated bearings are also used for 
this service. These are lubricated with oil by various 
types of lubricating systems, sometimes of the central 
type and sometimes of the unit type. Proper sight flow 
indicators, bearing temperature indicating devices and 
electrically-operated ‘‘no-flow’’ alarms are usually con- 
sidered absolutely necessary for such bearings to keep 
the operator fully informed of their condition. Cooling 
coils are often provided in these bearings, where radia- 
tion from the housing alone would not be sufficient to 
dissipate the heat generated. 

During operation, the various flow indicating devices 
on oil and water lines are watched carefully. During 
inspection, the pipe lines, strainers, valves, pumps and 
other parts of the system should be examined to make 
sure that they do not need overhauling. In case they 
do, an auxiliary oil system is sometimes provided so 
that maintenance work on the main lubricating system 
may be carried out without shutting down the unit. 

Individual oil pumps for water wheel and generator 
steady bearings are usually of one of the following 
types, arranged to start pumping as soon as the shaft 
begins to rotate: 

Gear type, belt or gear-driven. 

Plunger type, cam-driven. 

Viscosity type, revolving drum and stationary shoe. 

Flexible type, chain or spiral spring operated by 
shaft. 

Pressure type, sump revolves with main shaft, sup- 
ply pipe stationary. 


Figures 1A, B and C show the three latter types; 
points needing attention during inspection and overhaul 
are obvious. 
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Sealing devices and packing must also have atten- 
tion, especially if packing requires lubrication. If it is 
found that the shaft is scored, the packing is either not 
properly installed or lubricated. Flax and cotton 
packings, properly lubricated, have often been used. 
Long fibre asbestos packing, impregnated with graphite 
lubricant, has proved successful in some plants; others 
have employed hemp packing boiled in tallow at suitable 
intervals. Granulated wood and metal packing is 
coming into frequent use. Plastic metallic, three-piece 








FIG. 2. RUNNER WELDED TO REDUCE PITTING AND 
BUILD UP PITTED AREA. PITTING CONTINUED AROUND 
THE WELD. 


diagonal and e-ring packing have also been used to 
some extent. 

While cleanliness is of importance in any generating 
station, it is especially so with respect to the governors 
of hydraulic turbines. Governor apparatus should be 
wiped with cloth once a day. Oil pumps, whether of 
motor-driven or belt-driven type, should be watched 
for noise, bearing temperatures and joint leakage. 
Pressure piping of oil-pressure governors should be kept 
tight and should be blocked if it tends to vibrate. Belts 
driving flyballs should be kept at the proper tension 
and arranged so that the pilot valve will not jump when 
the belt lacing passes over the pulleys. Leakage from 
stuffing-boxes of regulating cylinders on the cover plate 
should be prevented. Pilot valves should be frequently 
inspected for wear and sticking; flyballs should be lub- 
ricated daily; dash-pot oil should usually be changed 
yearly; scum should not be allowed to form around 
pilot-valve ports, if a solution with water is used instead 
of oil. Belts on synchronizing motors should be watched 
for tension. 

Complete instructions for care of water-wheel-driven 
generators are beyond the scope of this article. The 
principal precautions to be taken, says W. W. Tefft, are 
as follows: the generator should be cleaned of dust 
once a week, using preferably an air jet or vacuum 
cleaner, to prevent clogging of windings and shutting 
off of ventilation; a leaky thrust or steady bearing 
should be repaired as soon as possible, to prevent oil 
from getting on the generator windings to cake with 
dirt and to break down the insulation; thrust bearing 
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temperatures should be recorded hourly and some form 
of alarm should be provided to signal stoppage of flow 
of the bearing cooling water. 

When inspection shows pitting of the runner, the 
procedure will vary according to the operating condi- 
tions of the station. The entire process of pitting is 
so intimately connected with the water conditions, 
setting and other factors of design, that elimination of 
the cause of pitting is usually beyond the control of 
the operator. Considerable data on the causes of pitting 
have been accumulated by the Hydraulic Power Com- 
mittee of the N. E. L. A. 

Pitting on existing runners may often be minimized 
by building up the affected areas by the electric are 
welding process. The oxy-acetylene welding process 


may be used if care is taken to get uniform heat and 
prevent shrinkage cracks but the electric are has been 
used with most success. 

By using the proper electrodes, large cast-iron run- 
ners have been welded in place, depositing the metal 
in an overhead position. In the usual procedure, the 





FIG. 3. ANOTHER PITTED RUNNER IN SAME STATION AS 
THAT SHOWN IN FIG. 2. PITTING CONTINUED AROUND 
WELD AND AROUND HOLE DRILLED TO STOP IT 


pitted areas are first chipped out, taking care to leave 
square edges; then the parent metal is drilled and 
tapped for 14-in. studs spaced about 3 in. apart; finally, 
the area is built up to the original bucket contour by 
depositing a metal that resists pitting better than the 
parent metal. In some cases, successive layers of the 
metal are peened, as they are deposited, to relieve tem- 
perature stresses. In other cases, the area is built up 
to contour and then ground to a smooth finish. While 
the smooth finish in itself is not essential, the surface 
must be so finished that irregular contours are elimi- 
nated and so that there will not be any chance of the 
water being deflected in passing over the weld. 

Some companies have used in the bottom of the weld 
a metal that bonds well with the parent metal, rather 
than one that resists pitting, covering this in turn with 
a metal designed primarily to resist pitting. 

Most experience has been that steel with a high 
percentage of carbon and manganese offers more re- 
sistance to pitting than pure iron. Various kinds of 
cements, paints and metal spraying processes have been 
tried for building up pitting, but with scant success. 
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Type metal has been used but not long enough to 
warrant conclusions and the success of rubber for this 
work is also unknown. 

Turbine runners have been supplied with pitting 
plates at the portions of the runner where pitting might 
oceur if the draft head becomes excessive. Application 
of such plates to runners that have begun -to pit has 
also been known to stop or reduce the pitting. In 
many cases, holes have been drilled through the vanes 
or blades with the idea of relieving the vacuum on the 
under side. There have been objections to this on the 
ground that the loss in turbine efficiency is too great; 
little definite information is available on this point, 
however. 

Figure 2 shows a portion of a runner that was 
welded to reduce pitting and build up the pitted area. 
The metal was deposited on studs by are welding in 
the manner indicated above and the weld is clearly 
shown by the light colored part. Despite this precau- 
tion, pitting continued around the weld, as can be 
plainly seen. On another runner, Fig. 3, which was 
welded and still continued to pit, a 1-in. hole was drilled 
to stop pitting but did not seem to be effective, as the 
pitting continued around the hole and around the weld. 
It is to be noted, in both these cases, that the welded 
part itself did not pit seriously. These runners were 
part of an installation of three units but the third 
runner, operating under the same water conditions and 
head, with the same type of draft tube, did not pit as 
badly as the other two. Furthermore, several similar 
runners in another plant on the same stream’ under 
practically the same head but with a different type of 
draft tube, did not pit at all. 

Thus it is seen that while steps may be taken to 
repair pitted runners, with more or less success, this 
procedure does not necessarily eliminate the causes of 
pitting. 

EFFECTS OF PITTING, WEAR AND VIBRATION 

‘*Pitting of the runner,’’ says Tefft, ‘‘is not believed 
to have a serious effect on the efficiency of the unit 
until the pitted area becomes so extensive and the 
pitting so deep that the shape of the water passage is 
materially changed; it is usually found that before this 
occurs, the strength of the runner has been seriously 
affected and it is desirable to renew the runner entirely 
or build up the pitted area.’’ 

Water wheels have been known to run 20 yr. with- 
out appreciable wear and without serious change in 
efficiency. Amount of this wear depends in some ways 
on the clearance spaces around the runner, especially 
on high-head turbines of low specific speed. With 
0.020 clearance, leakage through this space, it is stated, 
may affect efficiency from 1 to 3 per cent. If the 
clearance increases 3 or 4 times, caused by dirt in the 
water, the loss in efficiency may be from 3 to 10 per 
cent. It has been recommended that a definite maxi- 
mum clearance should be set as a limit, at -which wearing 
rings are to be renewed, especially on turbines operating 
at heads above 250 ft. 

Clearance between guide vane ends and guide case 
on high head turbines should be watched because sand 
or silt in the water may cause rapid wear and high 
leakage when the unit is shut down. To prevent this 
wear, a tight valve of some sort might be provided to 
be closed when the unit is shut down. 
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Vibrations in water wheels, says the N. E. L. A. 
Hydraulic Power Committee, may in general be classi- 
fied as periodic, non-periodic and mechanical unbalance 
vibrations. Periodic vibrations may be caused by pres- 
sure reactions, close clearances and high specific speeds, 
runner and guide vane combinations. These may weaken 
the penstock and other parts of the structure and may 
contribute to pitting as well as loss of efficiency. Non- 
periodic vibrations may be caused by draft tube surges 
and air surges (sometimes arising from obstructed tail- 
water passages) or by extreme variations in head. They 
may cause penstock breathing, shocks or pounding and 
bearing trouble. Vibration due to mechanical unbalance 


TABLE Iii. ANALYSIS OF CAUSES OF OUTAGE OF 
HYDRAULIC TURBINE GENERATORS IN PER CENT OF 
TOTAL OUTAGE TIME 
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may be caused by blocking of the runner. This type 
of unbalance is usually apparent once a revolution and 
has not the sharp impact characteristics of the other 
two types. It is usually so apparent that immediate 
shutdown is necessary. 

Table III shows an analysis of outage of a number 
of hydraulic turbines, made by the Hydraulic Power 
Committee of the N. E. L. A. These data are for 1926 
and include, for the first time, information on four pro- 
peller type ‘runners, installed in 1924. Each of these 
developed 30,000 hp. at 120 r.p.m. under 60-ft. head. 

The table shows that, during 1926, the propeller 
type group, the vertical reaction type group, all reaction 
units and the group of all units experienced greatest 
percentages of outage time from causes related to water 
wheels and their auxiliaries. For the impulse type 
group, generators and appurtenances caused highest 
outages. For the horizontal reaction group, general 
hydraulic troubles caused high outages. 

Principal single causes of outage in the class of 
water wheels and auxiliaries shifted in this analysis to 
the governor and governor system, with the runner in 
second place. For the group of all units, none of the 
causes related to generators is of sufficient magnitude 
to be outstanding; high figures in individual classes 
result mainly from accidental high records of single 
units. 
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Faulty Piping Impairs Injection Pump 
Action 

INCLUDED IN the prime-movers of the plant in which 
I am employed, are two 3-cylinder, vertical, solid-injec- 
tion Diesel engines. One of these engines, after being 
overhauled, would run satisfactorily for an hour or so 
and then the center cylinder would miss, which meant 
that the fuel-pump delivering oil to that cylinder was 
not functioning properly. The pump was then worked 
by hand by means of the priming-lever, until the pump 
caught the oil again, then it would work all right for 
another hour or so and again lose its oil. The pump 
suction and discharge valves, overflow valve and spray 
valves, were in perfect condition. The fuel oil was free 


JOINTS AT ‘A PUMP 
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SUCTION VALVES 
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FIG. 1. AIR LEAKS OCCURRING AT A DUE TO MISALINE- 
MENT OF PIPING, BREAK SUCTION OF PUMP 


from water and dirt, and there was no obstruction in 
the fuel oil suction pipe or header. 

The fault, however, was in the fuel oil suction 
header. One of the half-unions had been made up too 
far, with the result that when the unions were tightened 
the center of the suction pipes to the pumps were 
shortened causing the joints at A, Fig. 1, to be at a 
slight angle when they were tightened and making a 
joint which was not air tight. On the suction strokes 
of the pump, a little air was drawn in at A and this 
air built up, until the pump became air-bound. 

When the pump was worked by hand, it was given a 
longer stroke and the air was expelled through the over- 
flow valve at B, after which the pump operated all right 
until the air-lock formed again. The trouble was 
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remedied by breaking all the unions on the suction 
header, tightening up the suction pipes square to the 
pump at A, and then unscrewing the half union which 
was open until the union butted. The end of the un- 
serewed union was then sealed to the pipe with solder. 

We were also troubled with fuel pump rollers seiz- 
ing to the pins in the fuel pump plunger head. The 
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FIG. 2. HOLE THROUGH PUMP PLUNGER TO OIL GROOVE 
PERMITS LUBRICANT TO SERVE PIN IN PLUNGER HEAD 


cam running in oil was supposed to throw up enough 
oil to lubricate these pins and rollers, but, when the oil 
became thinned with fuel oil from leaks, these rollers 
seized to the pins, causing damage to the nose of the 
cam. This trouble was eliminated by leading a 1%-in. 
pipe to the pump bracket from a drip lubricator, and 
drilling a 14-in. hole through the pump plunger head to 
meet the oil groove in the pin as shown in Fig. 2. 
Newark, N. J. GeorGE Bootie. 


Handy Rule for Determining 
Belt Tension 


Here Is a handy rule for determining the tension 
in a belt that is slack enough so that the sag can be 
measured. The tension can be computed easily—with- 
out the necessity of expensive or complicated apparatus. 
For leather belts, proceed as follows: 

Multiply the width of the belt in inches by its 
thickness in inches; then multiply by 0.43; we will call 
the answer ‘‘P.’’ Now, multiply ‘‘P’’ by the sag of 
the belt in feet; we will call the answer ‘‘A.’’ Next, 
multiply ‘‘P’’ by the square of the center to center dis- 
tance between pulleys in feet; multiply by 0.125; divide 
by the sag of the belt in feet; we will call the answer 
“‘B.’’ Lastly, add ‘‘A’’ and ‘‘B”’ and the result is the 
exact total tension in the belt in pounds. 

No matter what the sag is, if it is only 1% in., or any 
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sag within reason, the foregoing rule will apply. It 
may sound cumbersome, but its use is simple. 

For example, let us take a case where the distance 
between pulleys is 20 ft.; the sag is 6 in., or equal to 
0.5 ft.; the belt is 6 in. wide and 4 in. thick. What is 
the total tension ? 

Applying the above method, we get: 

P=6 xX \% X 0.43 = 0.645 
A = 0.645 «0.5 = 0.322 
5 xX 2 125 . 
pa -64_X <n > 645 
0.5 
0.322 + 64.5 = 64.82 lb. = total tension. 


Newark, N. J. 





W. F. ScHApHorst. 


Wear on Pin Wrecks Engine 


SoME TIME AGO, an engine that I am operating broke 
down. It is a 20 by 24-in. four-valve, nonreleasing Cor- 
liss, operating at 204 r.p.m. and direct connected to a 
3-wire, 3-phase, 2300-v., 250-kw. alternator, with a 25- 
kw. exciter belt-driven from a pulley on the outboard 
bearing end of the engine shaft. 

The cause of this wreck was wear of the pin and 
bushing of the inertia governor shown at Fig. 1. These 
parts wore until the wrist plate had a crosswise motion 
on its support, giving a wobbling motion to the eccen- 
tric and twisting the eccentric rod at every revolution 
until it finally broke off at B. The break permitted the 
eccentric strap to swing freely around the eccentric. 

The engine has a double eccentric and is sup- 
plied with a cast-iron drip pan under the eccentrics and 
a sheet-iron case over them as shown in Fig. 2. These 
parts were stripped off, while the exhaust eccentric rod 
was bent 6 in. out of line and in three directions. I 
was unlucky enough to have my foot broken by having 
it hit by one of the flying pieces. 
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INERTIA SHAFT GOVERNOR, WHOSE PIN CAUSED 
TROUBLE DUE TO WEAR 


FIG. 1. 
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After the broken rod was welded, the bent one was 
straightened in our shop as shown in Fig. 3. Heavy 
iron plates were laid across the platen of a drill press, 
the ends being placed on wooden blocks as shown and the 
third wooden block, which was supplied with a handle, 
was used between the spindle of the drill press and the 
top of the rod to be straightened. The rod was heated 
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FIG. 3. SKETCH SHOWING HOW RODS WERE 


STRAIGHTENED IN DRILL PRESS 


in a forge, laid on the cradle blocks and pressure applied 
at the middle by running the spindle down by hand. 

By adjusting the position of the rod and cradle 
blocks, any kind of kink or bend can be removed from 
a pipe or rod. The particular rods in question were 
made of 114-in. pipe, flattened at one end to fasten to 
the eccentric straps, with a solid piece welded into the 
wristplate end as shown in Fig. 4. The pipe was tapered 
at both ends to the size of the threads. 

About two months after the first wreck, the exhaust 
eccentric broke off at the point shown in Fig. 4. A new 
butt was welded in and threaded. Card A, Fig. 5, 
shows how the average card looked before the wreck. 
Card B shows what was going on after the wreck 
oceurred; card C, after a few adjustments were made 
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and ecard D, after a little more load was applied. Card 
E looks fairly good but it is deceiving. The indicator 
spring worked loose on the connection to the indicator 
reducing motion, making the flat steam lines to points of 
cutoff as shown. Otherwise all cards ever taken from 
this engine had the appearance of card D. 

At the time of the first wreck, the arm with the 
eccentric was taken off and the pin A, Fig. 1 and the 
bushing were found to have a combined wear amount- 
ing to 5/16 in. The pin was worn flat on one side. It 
was trued up and a new bushing made. A wooden 
wedge was driven in at C between the end of the gov- 
ernor arm and the flywheel rim, in order to relieve the 
strain so that the pins E on the end of link D could be 
removed without reducing the tension on the spring F. 
The wreck occurred at 9:15 a. m. and the repairs, except 
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INDICATOR CARDS SHOW THE EFFECT OF BREAK- 
AGE AND OF CHANGES MADE ON ENGINE 
Average card taken before wreck. 


B. Taken after wreck occurred. 

C. Card, after a few adjustments were made. 
D. 

F, 


FIG. 5. 


> 


. Result of adding a little more load. 
E. Effect of incorrect indicator action. 
. A good appearing card. 


the. welding of the eccentric rod which was sent out for 
repairs, were completed and the engine was in service by 
10:00 p. m. 


Minneapolis, Minn. Frep 8. RuTLEDGE. 


Qualities Which Determine Selection 
of Valves 

WHEN SOME ENGINEERS require new valves, they think 
only of the type of valve needed; other important fea- 
tures are, however, often overlooked. Among these 
features are kind of metal of which the valve is made, 
kind of fluid to be passed through the valve, and 
whether or not the fluid contains an acid or other chem- 
ical which may be destructive to iron but harmless to 
brass or some other valve metal. Many different metal 
combinations are now used in valve castings. 

Next we may consider weight. Experienced buyers 
are aware that similar types of valves made by different 
manufacturers vary considerably in weight. Price and 
other things being equal, the heavier valve would seem 
to be the better purchase; however, the nature and dis- 
tribution of the metal used must also be considered to 
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see whether the added material has been placed where 
the heavier stresses are applied. 

When the valve purchased is of the safety, reducing 
or check types, preference should be given, other things 
being equal, to one in which the space between the dise 
and valve seat is greatest when open. Valves that open 
only a small amount or self-opening valves where the 
dise and seat are always quite close together, wear and 
leak sooner than valves that open wide, due probably 
to the scoring effect of rapidly moving steam or liquid. 

Toronto, Canada. JAMES E. NoBLe. 


Vibration in Steam Turbines 


VIBRATION is a common trouble in steam turbines, 
often developing during operation without apparent 
reason. Some reasons for vibration are: stripping of 
some of the rotor blades, collection of deposit on the 
blades and in the passageways, fault of some kind in the 
coupling between the turbines and generator or fault 
in the generator itself. Unsteady admission of steam 
through the action of the governor may also. cause 
vibration. 

Stripping of some of the rotor blades is not unusual. 
This causes the rotor to become unbalanced. The usual 
cause of blade stripping is slugs of water and solid 
matter in the steam. The collection of deposit on the 
blades may also cause vibration. When steam contains 
solid impurities, they will be carried with the steam 
and act as a sand blast on the first blades but as they 
pass through the turbine they will collect on the blades 
in the latter stages. This will increase the weight on 
the blades and may unbalance the rotor. 

If the boiler plant is poorly operated, the steam may 
carry over considerable muddy impurities which will 
collect in the turbine. The remedy for this is to operate 
the boiler carefully, avoid priming and keep the per- 
centage of solids in the boiler water as low as possible. 
Passing the water through a steam purifier before it 
enters the turbine will free the steam of any slugs of 
water or solid impurities. 

Turbines are usually connected to their electric gen- 
erators through a flexible coupling and misalinement or 
misadjustment of this coupling may cause vibration. 
The coupling should be periodically examined for signs 
of hammering which is the usual trouble experienced. 
Hammering damages the teeth and conditions quickly 
grow worse. Truing the teeth and making other needed 
adjustments will. cure vibration due to this cause. 

Faults in the electric generator such as unbalanced 
magnetic pull from the different field coils may cause 
serious vibration. This may be due to some electrical 
fault in the windings which causes the flux from the 
various coils to differ considerably. Unequal air gaps 
between the pole pieces and the armature will cause an 
unbalanced magnetic pull and therefore vibration. This 
occurs through wear in the bearings. As the bearings 
wear, the rotor lowers and the air gaps become unequal. 
The bearings should therefore be taken up as soon as 
much wear occurs. 

Electrical unbalance in the armature winding will 
also cause vibration due to unequal currents circulating 
through the various parallel paths in the armature. 
The usual cause of this is some fault such as grounds, 
short circuits or bad joints in the wings. 

Brentford, England. W. E. WARNER. 
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Washing a Horizontal Tubular Boiler 


IN MANY CASES, steam boilers are not washed out as 
often as they should be, owing to lack of proper facil- 
ities. When there are two or more boilers, the operation, 
is comparatively easy because hot water under pressure 
can be obtained from one boiler which remains under 
steam. It is when the isolated, single boiler must be 
washed that the engineer is hard put, not only for wash 
water but also for water to refill the boiler after it has 
been cleaned out. 

For the isolated boiler, where there is no city water 
service, a tank should be installed high enough above the 
boiler to furnish sufficient working pressure; or a 
donkey boiler should be set up for use when the large 
boiler is closed down. Of the two expedients, the donkey 
boiler is the better because an injector may then be 
employed to force a stream of heated water into the 
boiler. Boiler washers, which operate in a manner 
similar to injectors and which are on the market, are 
excellent devices for this purpose. 

When preparing a boiler for washing, the necessary 
operations differ according as the boiler is to be washed 
with hot or cold water. If the former is to be used, 
washing may commence as soon as the manhole plate 
has been removed. The boiler, however, should not be 
blown down under pressure; the water should be dis- 
charged only after the steam pressure has dropped to 
almost zero. When cold wash-water must be used, the 
boiler should be cooled to such a temperature that water 
will not flash into steam when it hits the shell plates 
or tubes. 

When the wash-water does not have foree enough 
to remove the dirt from the shell and tubes so that 
the latter must first be scraped, it is necessary first to 
cool the boiler enough to permit a man to work inside 
with a seraper and brush. In washing a boiler, the pre- 
caution should be taken to let the washwater and dirt 
run out through a handhole under the tubes. If it 
should be necessary to discharge the water and dirt 
through the blowoff pipe, care should be taken to see 
that the blowoff pipe does not become choked with dirt 
and sludge. 


Indianapolis, Ind. JAMES F. Hosarr. 


Emergency Siphon Drains Tank 

CLEANING LARGE WATER storage tanks is usually part 
of an engineer’s duty. Sometimes the draining pipe 
is installed as shown in the sketch with the end of the 
pipe several inches above the bottom of the tank as 
shown at C. When this is the case, it would be a tedious 
and costly job to dip out the water left so as to permit 
the tank to be cleaned out. This water is often removed 
by placing a large funnel in pipe C and dipping and 
emptying the water into it. 

To save all this labor, take an iron pipe coupling 
one or two sizes larger than C, oil or paint the threads 
of a pipe plug of the same size as the coupling and 
screw it in as tight as possible with the hands. Place 
three or four 14-in. nuts AA on the bottom of the tank 
and set the coupling and plug over C and lock nut B 
with the edge of the coupling resting on the nuts. This 
can be done when there is still about a foot of water 
in the tank and while the drain pipe valve D, is open 
as the water flows out through C. A partial vacuum 
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will be set up under the coupling and siphon action will 
be started which will continue until all of the water in 
the tank flows out until the level is lowered to the top 
of the nuts AA. This small amount of water ther can 
be mopped up. 

If the drain pipe runs direct to the sewer or outside 
and has no connections with any fixtures, a couple of men 
with brooms should enter the tank when there is still 
a couple of feet of water in it, and, using the brooms 
freely, should stir up the dirt deposited on the bottom. 
As the water continues to flow out, much of this dirt 
will then be carried out along with it. 

This sweeping cannot be done if any pipes supply- 
ing wash basins or other pipe having valves or cocks 
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PIPE COUPLING AND PLUG FORM CAP OVER DRAIN AND 
CAUSE PARTIAL VACUUM TO BE SET UP RESULTING IN 
SIPHON ACTION 


attached, are joined into the drain pipe, because the 
dirt might stop up the cocks or valves or collect under 
the valve dises and cause leakage. 

Toronto, Can. JAMES ELLETHORN. 


Transmission Capacity of Angular 
and Vertical Belts 


RULES FOR CALCULATING the horsepower transmitted 
by belting are usually based upon horizontal belts. In 
order to find the capacity of a vertical or inclined belt 
whose angle with the horizontal is greater than 40 deg., 
subtract the angle of inclination from 140. The result 
will be the percentage of capacity as compared with a 
horizontal belt of the same size. 

For example: if the angle of inclination is 45 deg., 
we should have 140 — 45 = 95 per cent of the horizontal 
capacity. We should, therefore, deduct 5 per cent 
from the capacity of a similar belt running horizontally. 
Applied to a vertical belt, 55 per cent would be de- 
ducted. This seems to be considerable but for ‘con- 
tinuous service for most drives, it is recommended as 
safe. 

Newark, N. J. N. G. NEAR. 

AT THE LAST SESSION of the Massachusetts Legisla- 
ture a bill was passed, according to a recent report, 
providing that all municipal plants must include in 
their production costs the items of interest on invested 
capital and reasonable depreciation. The object of the 
bill, it is stated, is to reduce to the same basis the cal- 
culation of production costs of both municipally owned 
plants and privately owned utilities. 
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Connecting Rod Adjustment 

WHAT EFFECT WILL there be on the clearance of a 
steam engine cylinder, if the crankpin and crosshead 
pin boxes are tightened up? 

2. Where should the shims be placed in relation to 
the brasses on a connecting rod as illustrated, if the 
cylinder has more clearance on the crank end than on 
the head end, the piston rod being keyed in? 

3. In what position is it best to place the crank on 
a horizontal engine when tightening up the wedge bolt 
on the crankpin? W. F. W. 

A. If there is no wear on the two boxes or if there 
is equal amount of wear on both, there would be no 


























CHANGE IN CENTER TO CENTER DISTANCE OF CONNECT- 
ING ROD PINS DETERMINES CHANGE IN CYLINDER 
CLEARANCE 


change at all in the clearance, since the center to center 
distance between pins remains the same and the com- 
pression in the cylinder keeps the pins against the inner 
brasses at the end of compression. 

2. The best way to analyze the effect of change 
of location of shims on the cylinder clearance is to note 
the effect of such change on the center to center dis- 
tance of the pins. If this center to center distance is 
inereased, the clearance space on the head end will be 
decreased and the compression pressure will be in- 
creased. At the same time, since the piston is moved by 
this means away from the crosshead, the clearance space 
on the erank end will be increased and the compression 
pressure correspondingly decreased. Decreasing the 
eenter to center distance will have an opposite effect. 
To inerease the center to center distance, one or more 
shims should be taken from the outer side of the box, 
between the outer brass and adjusting block and placed 
between the inner brass and connecting rod. 

3. If mere tightening of wedge bolts is required, 
the position most convenient for doing this tightening 
would be the one most desirable, as the bolts will easily 
move the rod and piston unless they are very heavy. 
If these parts are heavy, the engine may be turned over 
until the pin bears upon the brass opposite to the one 
that needs to be drawn up. In this ease, tightening up 
the wedge bolt merely moves the brass which is loose. 
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If shims are to be changed, it is best to stop the engine 
at or near the head end center then loosen the wedge 
block on the crankpin and turn the engine over a little 
toward the head end so as to relieve the pressure on 
the two brasses. The shims may then be easily changed. 


Voltage Drop in Alternator 

WE HAVE A turbine-generator which formerly had a 
600-kw., 310-v., 967.8-amp.-per terminal, 3-phase gen- 
erator but which now is arranged as 440-v., 2-phase, 
60-eyele. The power factor is 80 to 85 per cent and 
speed 3600 r.p.m. It has motor-driven excitation from 
a 25-hp. induction motor, driving a 115-v., 152-amp., 
17.5-kw., 1200-r.p.m. generator. 

This machine runs at a uniform speed at all times. 
With 440 v., 400 amp. and 250 kw., a 10-hp. or larger 
motor hits the line through a compensator and the volt- 
age drops to 250 or 300 v. and remains there until it is 
raised by the rheostat. It will not build up its voltage 
without help. There are some 150 induction motors on 
the line ranging from 14 to 75 hp. and two 150-hp. 
motors of the slip-ring type. What is the cause of this 
drop and how can it be remedied ? D. R. K. 

A. From your description, we assume that you 
have had this machine reconnected so as to change it 
from a 310-volt, 3-phase machine to a 440-volt, 2-phase 
machine. While the voltage regulation on an alternat- 
ing-current machine is quite broad, it is extremely 
unusual to encounter a voltage drop of from 440 volts 
to 250 or 300 volts with the addition of less than 10 per 
eent load. Alternating-current machines sometimes have 
as much as 30 per cent variation in voltage between zero 
load and full load but this represents practically the 
limit of such voltage change. 

We assume also that you wish to maintain constant 
or nearly constant voltage under varying load condi- 
tions without resorting to hand regulation. This, in our 
opinion, cannot be accomplished without the use of some 
form of voltage regulator. In a direct-current machine, 
by means of a compound winding, any desired regu- 
lation characteristic can be secured; in fact, a machine 
that is over-compounded will actually show a voltage 
increase with an increase in load. 

With an alternating-current machine, however, the 
voltage builds up from zero to maximum value and 
then decreases as the load is still further increased. It 
is this broad regulation characteristic of the alternating- 
current machine which we believe is responsible for 
your difficulties. The effect may be accumulative. 

You state that your turbine does not drop in speed. 
There may, however, be a slight drop in speed unnotice- 
able to the eye when the additional load is added which, 
in turn, results in a slight decrease in voltage of the 
generator. Since the generator is excited by an induc- 
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tion-motor-driven exciter, this voltage drop will result 
in a slight decrease in speed of the exciter which re- 
duces the excitation voltage somewhat. This, in turn, 
effects a still further drop in voltage of your generator. 
This, we believe, is what occurs in your machine and, to 
check it up, we suggest that you take very accurate 
readings of all your meters, at the same time measuring 
the speed of the turbine with a sensitive tachometer. 
Unless all these readings are taken simultaneously, the 
effect, which we describe here, will probably not be 
noticeable. 


Suction Trap Improves Regulation 
in Refrigerating Plant 


WE HAVE 23 expansion valves in our refrigeration 
plant, which have to be so nearly closed to be regulated 
that our margin of range is insufficient, thereby re- 
quiring considerable attention. 

We have been thinking that, if we installed a master 
or regulating valve on the liquid line between the re- 
ceiver and the expansion valves near the freezers that 
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it would overcome this trouble. We run from 150 to 
260 lb. condenser pressure and about 5 to 10 lb. suction 
pressure and by reducing the pressure in the liquid 
line, we think that we could open our expansion valves 
more and overcome this trouble by making a wider 
range for regulating. Our liquid line is 114 in.; our 
compressor is a 75-t. ammonia machine. A. A. A. 

A. In the first place, your plant is supplied with 
too many expansion valves for a 75-t. ammonia machine. 

You may, however, eliminate your trouble by put- 
ting a suction trap, such as shown in the sketch, in the 
suction line just before the ammonia gas enters the com- 
pressor. An internal cooling coil should be placed in 
the trap as shown. 

If this is done, any entrained liquid coming back 
from the cooler will drop in the trap and in turn cool 
the liquid in the coil. 

Installation of this suction trap as suggested will not 
only prevent the surging back of liquid to the com- 
pressor but, by avoiding the passing of liquid to the 
compressor and by the heat interchange which is accom- 
plished, the efficiency of the plant will be raised. 
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Shutting Off Steam at Night 


WHAT WOULD be the approximate saving in coal if 
the steam were shut off every night for 12 hr. in the 
following: One hundred feet of covered 5-in. pipe, 300 
ft. of covered 10-in. pipe, 600 ft. of covered 6-in. pipe 
and a 14 and 8% by 15-in. boiler feed pump. The steam 
pressure is 100 lb. and the outside temperature is about 
90 deg. The pipe is covered about 11% in. thick with 
80 per cent magnesia. T. B. B. 

A. You should consider whether or not it is nec- 
essary to keep these steam lines hot for emergencies or 
whether the amount of steam consumed in warming 
them up in the morning would more than offset the 
amount saved during the night. 

In most cases, however, this would not be true. 

Now, assuming a covering 11% in. thick of 80 per 
cent magnesia on each of the steam lines which are 
operated at 100 lb. pressure, we can figure the heat loss 
through the insulation. We have assumed that the 
total area of the insulation would be the length of the 
pipe times the circumference of the outside of the cov- 
ering. The covering area will then be: 

3.14 & [(8.56 + 12) & 100 + (13.75 + 12) x 
300 + (9.62 + 12) 600] — approximately 2800 
sq. ft. 

According to the Guide of the A.S.H. & V.E., the 
heat loss through insulation of this type would be 70 
B.t.u. per sq. ft. per hour, or a total of 196,000 B.t.u. 


_ per hour for the three lines of 5 in., 10 in. and 6 in. 


pipe. Since a pound of steam at 100 lb. will give up 
about 872 B.t.u. in condensing to water at the same 
pressure, you will have to supply about 225 lb. of steam 
per hour to make up for the radiation losses from these 
lines. If you assumed that your boiler evaporated 6 lb. 
of steam per lb. of coal, that would mean about 37.5 Ib. 
of coal an hr., or 450 lb. for 12 hr. In the course of a 
year, this would represent about 82 t. of coal. On the 
other hand, it would be possible, by adding more insu- 
lation to the pipe lines, to prevent a great deal of this 
loss, but the cost for the additional insulation might be 
more than the amount of coal that would be saved by 
putting it on. 

Next let us assume that the pump operates at 10 
r.p.m. and that it has a 3-in. piston rod. Then the 14 by 
15-in. steam cylinder will have a displacement of 13.25 
cu. ft. per min. on the head end, and 12.6 eu. ft. on the 
crank end. These capacities are figured as follows: 

0.785 (14 + 12)? & (15 + 12) & 10 = 13.25 c.f.m. 
piston displacement, head end. 

The area of the piston, 0.785 (14 + 12)? = 1.06 sq. 
ft., and the area of the 3-in. rod = 0.059 sq ft. There- 
fore to find the displacement of the piston on the return 
stroke from the crank end, we have 

(1.06 — 0.05) & (15 +12) X 10 = 12.6 e.f.m. 

The total volume, then, through which the piston 
will move each minute is 25.85 eu. ft. Steam pressure 
is assumed to remain at 100 Ib. for the length of the 
stroke and the weight of steam per cu. ft. at this 
pressure is 0.26 lb. Therefore, the steam consump- 
tion of the pump is 25.85 & 0.26 = 6.7 Ib. per min., 402 
lb. per hr., or 4824 Ib. in 12 hr., which, at an evap- 
oration of 6 lb., would represent 406 Ib. of coal every 
12 hr. Your total saving, then, resulting from shutting 
down the pump and the steam lines mentioned, would 
be approximately 956 Ib. of coal every 12 hr. 
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Shall Good Business Continue ? 

What makes good business? To all the answer is 
important, since good business results in steady work 
with good returns in wages, salaries, profits and divi- 
dends. Everybody wants those conditions secured and 
maintained. The analysis of conditions and causes by 
President Hoover’s Unemployment Conference Commit- 
tee on Recent Economie Changes has, therefore, uni- 
versal interest. 

Attention is called to the generally good business 
that has existed since 1922, to the stability of conditions 
and the industrial activity that has resulted. This is 
attributed to better understanding of economic forces, 
general codperation, and greater self restraint in seek- 
ing selfish advantage. While advances have been 
‘*spotty’’ both as to industries and geographic location, 
in general markets have increased, the standard of living 
has risen and savings as well as enjoyment of comforts 
and luxuries have multiplied. 

It is pointed out that no new factors have entered 
into business. Buying as needed, installment selling, 
cooperative marketing, chain stores have been used only 
to a greater extent than formerly, with added factors 
of greater use of power, which has increased 334 times 
faster than population, and greater productivity per 
man-hour due to increased use of power-driven machin- 
ery. This means that the unskilled worker has been 
transformed into a skilled operator of automatic ma- 
chinery, with lowering of costs, elimination of drudgery 
and increase of wages. 

Cost of living has decreased so that the purchasing 
power of wages has risen 2.1 per cent a year and it has 
been possible more and more to gratify the desire for 
goods and services, which comes with expanding human 
wants. 

Fortunately, industrial leaders noted the effect of 
high wages in stimulating purchases and increasing 
savings which make capital available for further indus- 
trial expansion, as well as the principle of high wages 
and high productivity for lower cost of production. 
This has reduced the waste from strikes and lockouts 
and the increased demand for more than food, clothing 
and shelter has resulted in employing great numbers in 
production of what have heretofore been classed as 
luxuries as well as in service functions to provide travel, 
entertainment and education. Thus relief of unemploy- 
ment has resulted by transfer of workers to these fields. 

What of the future? The survey reveals that satu- 
ration of demand for conveniences is remote. Less than 
one-third of wired homes have washing machines or 
vacuum cleaners, only 5 per cent electrical refrigerators, 
70 per cent of homes are yet without radio and similar 
conditions exist as to other commodities. There are 
great possibilities for articles already developed as well 
as ever increasing wants being created. 

To maintain our economic advantage, the survey 
points out that the principle of equilibrium must be 
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recognized and applied by economic use of natural re- 
sources, especially the land, by keeping adequate funds 
employed in business rather than diverted to excessive 
speculation, by avoiding selfish effort for artificial price 
advancement and by recognition of the common interest 
of management and labor in steady production. 
With better knowledge of consuming habits, over- 
production and resulting shutdowns can be avoided, 
funds and credits can be utilized rationally to energize 
industry and development can go steadily forward. But 
the organic balance of business and industry can be 
maintained only by intelligent, persistent effort, by 
mutual confidence and consideration and by the will to 
work harmoniously toward that end. ‘ 


Approach to Perfection Is Expressed 
in Beauty 


Every line of human endeavor has had its beginnings 
amid crude, practical surroundings with little thought 
about the aesthetic possibilities. Food, clothing and 
monetary returns have invariably been initial incentives 
for developing ideas into usable material form. It is 
only after the bare necessities have been met that refine- 
ments are given thought and worked out. Following. 
perfection of design for safety and economy, invariably 
has come the human endeavor to beautify, to make sur- 
roundings more attractive, to cultivate the desires for 
higher education, deeper investigation and human un- 
derstanding. 

Compared with other industries, the power plant, as 
we know it today, is young. The original boiler and 
engine plant with its dirty coal and ash piles and 
smoking chimney without question belonged in the back 
yard of the factory it served. Today, however, the 


objectionable features of a power plant which are un- 


avoidable are no greater than those accompanying the 
manufacture of almost any product. Its place in the 
scheme of things is, therefore, not among the alley cats 
but on a par with the important buildings of any in- 
dustry. Many of the utility companies realize that the 
publie judges the reliability of their institutions by 
what it can see of their possessions and have gone to 
the extent of bringing their buildings and grounds up 
to a standard of beauty in harmony with the standard 
of service they render. 

Beautiful buildings and surroundings, we judge. are 
oceupied by men with commendable ideals and intelli- 
gence. Machinery and other equipment would be ex- 
pected to be in harmony with the other surroundings, 
that is, of high efficiency and in perfect condition. This 
may not be the existing combination. There are a few 
show plants among central stations and industrial plants 
where the equipment is not as efficient as might be 
expected but the really run-down plant is almost always 
found in a building of like character and it is only as 
perfection of operation is approached that the men in 
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charge turn their attention to beautifying their sur- 
roundings. 

Engineers are approaching the limit of efficiency in 
the operation of their plants and we believe the time is 
at hand when the industry needs, for its own good, to 
bring its architecture and landscaping up to a point 
in harmony with its engineering attainments. In this 
issue, therefore, three articles are presented bearing on 
this subject which give the reactions of an engineer, an 
architect and a public utility official. Their opinions, 
we believe, are the reflections of leaders in the field and 
the growing interest insures better looking power plants 
throughout the country. 


Determining Municipal Power Plant 
Costs 


According to a recent news report, the Massachusetts 
legislature at its last session passed a bill providing 
that municipal power plants must include in their pro- 
duction costs the items of interest on invested capital 
and of reasonable allowances for depreciation. Nat- 
urally, this action has aroused a great deal of discus- 
sion in Massachusetts and has served to reopen the argu- 
ment between supporters and opponents of the munic- 
ipal power plant. 


Now, although it is perfectly true that the primary 
purposes actuating the municipal plant and the pri- 
vately-owned public utility are different, the fact re- 
mains that their product is the same, electric power. 
If we are to compare them, therefore, it is only common 
sense as well as sound economics to use the same factors 
of comparison for each plant. 


Theoretically, the sole purpose of a municipality in 
operating its own power system is to make available a 
desired service to all members of the community alike. 
Note that we said theoretically. How the purpose may 
work out in practice is another story. Neither shall we 
consider here the question of whether or not the making 
of power is a legitimate function of government. 


On the other hand, the actuating purpose behind the 
privately owned utility is the making of money, render- 
ing, to be sure, a great service to humanity in the sell- 
ing of household appliances and the making of electric 
power,—but primarily the making of money. It so 
happens that the product it sells in order to do this is 
electric power, the same product as that of the municipal 
plant. 

For that reason, the municipal plant will always be 
judged by the average citizen and taxpayer on the basis 
of comparisons of the cost of power. It is all very well 
to say that the municipal plant is maintained as a 
gesture of civic pride or as a political measure or be- 
cause of some feeling of antipathy to the utility com- 
panies and to protest that, even if it does cost the tax- 
payer more to run it than it would to buy power, it is 
still a project worth maintaining. That may be per- 
fectly true in some cases, yet it is hard to make the 
average taxpayer see it. In most cases, all the argu- 
ments in favor of the municipal plant must be reduced 
to the one argument that it can supply the citizen with 
power cheaper than the utility can. Most taxpayers, 
especially in the smaller towns, are business-minded 
these days. Even if they do not operate businesses of 
their own, it is only human nature for them to like to 
participate in an enterprise that saves them money. 
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When they find, however, that in order to make the 
savings that are calculated, their plant accounting sys- 
tem fails to take into account the interest they must 
pay on money they have borrowed to build the plant 
and the money it takes to keep it in good operating 
condition and fails to provide for its renewal when 
worn out, it is a different story. But this money must 
come from somewhere. Some citizens begin to wonder 
whether it is not included in other forms of taxes, so 
that they are paying it anyway. The public utility 
includes all these items in its costs and still makes a 
profit. Sometimes, as we said before, the citizen begins 
to wonder. 

There are, of course, many municipal plants in this 
country that can operate in such a way as to pay in- 
terest, depreciation charges and amortization and still 
maintain rates lower than those of the utility. Success 
in doing this, it seems, depends largely on the men who 
are running the enterprise, just as in the competitive 
industries and in the utility business itself, success de- 
pends on the men behind the guns. Besides, it should 
not be forgotten that a municipal plant does not have 
to pay profits to stockholders. 

The important point in the entire discussion of 
municipal and utility power seems to be that the citizen 
should not fool himself. He ought to recognize that, 
in order to make a comparison between any two busi- 
nesses, the same factors must be used in each case. Fur- 
thermore, if his municipal plant is built with borrowed 
money, he is paying interest on it in some form whether 
the item appears on the cost sheets or not. In addition, 
if he allows depreciation of the plant to occur, it will 
cost him more to make power with it. The question of 
replacing the plant at the end of its life is a difficult 
one for a growing community, yet the utility faces the 
same problem in supplying changing loads. 

If the taxpayer, then, will resolutely refuse to de- 
ceive himself regarding the costs of his municipal plant, 
he will be much better off in the long run. If he cannot 
make power cheaper than the utility, including in his 
costs interest, depreciation and even amortization, he 
will find it difficult to justify his stand, in the view of 
engineers and business men, solely on the grounds of 
civie pride, politics or personal opinion. If he can in- 
clude those items in his costs and still beat the public 
utility rates, he need not fear criticism. 


Light’s Golden Jubilee 


When electricity was put into commercial use, 
there came with it a new school of thought in the minds 
of men. It inaugurated an entirely new phase of in- 
dustry and living conditions which we today are be- 
ginning to enjoy. Application of pure science to 
industry began about that time. and the technically 
trained man has become the rule in the electric light and 
power field. 

This year, which is the fiftieth since Thomas A. Edi- 
son produced the first incandescent lamps, is to be 
celebrated throughout the country by appropriate 
tributes to the ingenuity of a leader of men and to the 
outcome of his labors. The general committee sponsor- 
ing Light’s Golden Jubilee is headed by President 
Hoover and the celebration will be opened as one feature 
of the fifty-second convention of the National Electric 
Light Association. All honor to the man who has turned 
night into day! 
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Type A-30 Across-the-Line 
Motor Starter 


EVELOPMENT of a new across-the-line air motor 

starter known as type A-30 for use with squirrel 
cage induction motors up to 20 hp., 550 and 440 v.; 15 
hp., 220 v., 744 hp., 110 v., is announced by Condit 
Electrical Mfg. Corp., Boston, Mass. 











TYPE A-30 MOTOR STARTER 


Hitherto, the company states, the are with its accom- 
panying effects of gas and contact burning has been 
assumed unavoidable in cireuit interruption and efforts 
in the design of cireuit-interrupting devices have been 
directed to extinguishing this are as speedily as possible 
only after it has formed. 

The type A-30 unit, however, is designed to prevent 
the are from forming, thereby eliminating the formation 


of gas and permitting relatively no contact burning on, 


normal operation. This motor starter, it is stated, when 
tested with a 20-hp., 440-v., squirrel cage induction 
motor, opened and closed the locked rotor current 437 
times at 10-see. intervals (when motor heating com- 
pelled the test to cease) without an are at any inter- 
ruption—only a spark and with scareely perceptible 
contact deterioration. Fifty thousand operations at 
twice normal current on cireuits of 55 per cent power 
factor at maximum rated voltage caused less deteriora- 
- tion, it is claimed, than a few such duty eyeles on 
similar rated present devices. 

Having no barriers or are chutes, the type A-30 is 


unusually simple and compact. It is enclosed in a sub- 
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stantial, pressed steel case arranged for conduit knock- 
outs. It is furnished electrically operated with thermal 
relays for time-lag overload protection and is arranged 
for undervoltage protection. 


King-Clip Gate Valves 


OR USE on steam, oil, gas, air, water and gasoline 

lines, the King-Clip gate valve, shown herewith, has 
recently been put on the market. It is made in three 
designs: rising stem inside screw, outside screw and 
yoke, and quick operating. All types are procurable in 
iron body, bronze mounted and all-iron pattern, with 
serew or flanged end. The valve as a whole is designed 
to withstand rough usage. The body is of iron espe- 
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KING-CLIP GATE VALVES ARE MADE IN THREE PAT- 

TERNS: (LEFT) RISING STEM INSIDE SCREW; (CENTER) 

SLIDING STEM, QUICK OPERATING; (RIGHT) RISING STEM 
OUTSIDE SCREW AND YOKE 


cially alloyed for valve service. Thread length is de- 
signed to accommodate both the American standard and 
A.P.I. line pipe. Flange end valves have flanges of the 
125-lb. American standard for iron flanges and are plain 
faced. Face to face dimensions on flange end valves 
are standard trade practice. 

To secure a simple but effective method of connec- 
tion between the body and bonnet, a steel clip is pro- 
vided, as shown. This is intended to facilitate the 
dismantling of the valve for cleaning or inspection and 
to lend strength and rigidity to the body. The stuffing 
box is designed to hold an ample supply of packing. 
Serewed stuffing-box nut is used on valves up to 3 in. 
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inclusive; sizes 1 in. to 3 in. inclusive have gland fol- 
lower. On 314-in. and 4-in. valves, a bolted iron gland 
is used. Bronze bushings in the bonnet are designed to 
provide a non-corrosive contact with the bronze stem 
to protect the stem thread and to insure easy operation. 
The stem has rugged, wear-resisting thread of generous 
length. A shoulder above the stem thread is intended 
to form a tight contact with the seat under the stuffing 
box to permit repacking the valve under pressure when 
it is wide open. 

The dise is sharply tapered to make the valve adapt- 
able for handling heavily impregnated fluids. The disc- 
stem connection in the iron-body, bronze-mounted valve 
is in the form of a horseshoe band to impart extra 
strength to this part. Seat rings are permanently rolled 
in to prevent them from loosening. Iron-body, bronze- 
mounted valves, inside screw patterns, have iron body 
and bonnet; bronze bonnet bushing, disc, seat rings, 
stem, stuffing-box nut and gland; steel clip. The quick- 
operating sliding stem patterns are of similar material 
construction to the inside screw pattern, except that the 
handwheel is replaced by an iron lever attachment to 
permit extremely rapid valve operation. Outside screw 
and yoke valves have iron body, yoke and gland; bronze 
yoke bushing, dise, seat rings and stem; steel clip. In 
the all-iron pattern, all parts except the bronze yoke 
bushing in outside screw and yoke valves, are made of 
ferrous metals. All iron valves are for use in handling 
solutions which attack bronze but not iron. Sizes up to 
2 in. inclusive have permanently rolled in steel seat 
rings. Larger sizes have integral seats. 

Pressure ratings of King-Clip gate valves are as 
follows: screw ends 14 to 2 in. inclusive, 150 lb. work- 
ing steam pressure, 225 Ib. gas or liquid pressure; screw 
ends 21% to 4 in. inclusive and flange ends 114 to 4 in. 
inclusive, 125 lb. working steam pressure, 175 lb. gas or 
liquid pressure. King-Clip valves are a recent product 
of the Lunkenheimer Co., Cincinnati, Ohio. 


Tests of Safety Valves on 


Superheaters 


UPERHEATERS are usually protected by set- 
ting their safety valves to blow before those on the 
boiler drum, a procedure which, under usual conditions, 
imposes most of the relief work on the superheater 
safety valves. Accurate setting and functioning of 
these valves are important, therefore, especially in con- 
nection with the high superheat carried in many modern 
high-pressure stations and industrial plants. 
Satisfactory operation of any safety valve demands 
an adequate blowdown, provision for which must always 
be made in determining the pop setting. After the cor- 
reet popping pressure is established, it is essential that 
the valves pop consistently at this pressure. Any de- 
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DIAGRAMS SHOWING PERFORMANCE OF MODEL HNA SAFETY 
STATION 
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erease in popping pressure results in a corresponding 
drop in closing pressure ; this pressure loss wastes steam, 
cuts down the line pressure and seriously anger tur- 
bine efficiency and capacity. 

During the intervals between pops, a siete valve 
forms a dead end and, even when mounted on a super- 
heater outlet, the valve body and other parts cool down 
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FIG. 1. CROSS-SECTION OF MODEL HNA NOZZLE-TYPE 
SAFETY VALVE, SHOWING COOLING SPOOL 


considerably below the temperature which they attain 
while the valve is popping. The closer the spring is to 
the valve body, the more it is affected by these tem- 
perature changes. 

Safety valve construction with spring mounted en- 
tirely above the valve body has proved desirable for 
high-pressure, high-temperature relief, it is claimed, but 
this position alone has not been found wholly adequate 
to keep the spring temperature low and uniform enough 
to avoid changes of popping and closing pressures with 
highly superheated steam. 

The Model HNA Crosby nozzle-type safety valve, 
recently developed for high-temperature superheated 
steam, as shown in Fig. 1, is designed to provide for 
practically normal, constant, low, spring temperature 
through entire separation of the spring from the valve 
body. This is accomplished, it is stated, by inserting a 
cooling spool between the body and spring yoke or valve 
bonnet. The spool is shaped to provide as little metal 
for conduction of heat and as much surface for air- 
cooling as is consistent with adequate strength. 








| | | Lift for Full Capacity, | 





> 


Valve Lift, Inches 













a 
Oo @ 
5 $3 5 








VALVE ON SUPERHEATER AT KEARNY 
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Performance of valves fitted with the cooling spool 
is shown by the accompanying diagrams, Fig. 2, taken 
from a test at Kearny Station of Public Service Electric 
& Gas Co. of Newark, N. J. The test valve, mounted 
on the superheater outlet of a boiler in regular service, 
was set to pop at 369 lb. per sq. in., with steam heated 
to an average of 690 deg. F. 

These diagrams were made by a lift-indicating de- 
vice, to show the relation of valve lift to pressure. Ten 
consecutive pops were produced as closely after each 
other as the pressure could be manipulated. Neither 
the popping nor closing pressures varied more than 1 
lb., the blowdown throughout being slightly under 2 per 
cent. Following these 10 pops, the spool was extremely 
hot but a hand could be held comfortably on all parts 
of the valve bonnet. The bottom spring washer and the 
dead end of the spring were fairly warm but all the 
working coils were completely cool. 

After a wait of about half an hour, a test in which 
the pressure was built above the popping pressure was 
run to develop the maximum lift and discharge capacity 
according to the A.S.M.E. rating. The A.S.M.E. Boiler 
Code states that the rated discharge capacity of a safety 
valve shall be determined at a pressure of 3 per cent in 
excess of that at which the valve is set to blow. Here 
also the pop and blowdown pressures did not vary more 
than 1 lb. from those of the earlier test. (See table.) 


TABLE OF RESULTS OF TESTS AT KEARNY STATION OF 
MODEL HNA SUPERHEATER SAFETY VALVE 








Blow down 
per cent 
1.75 
175 
1.75 
1.69 
1.69 
1.69 
1.75 
1.80 


Time 
Hr. Min. Sec. 


Closing 
Pressure 
362% 
362% 


Popping 
Pressure 
369 
369 
369 
369 
369 
369% 
370 363% 
370 363% 
370 363% 1.80 
370 36314 1.80 


After a wait of one-half hour, the following were recorded: 
10—56—20 369 363 1.62 
368 362 1.62 
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*Not shown in diagram. Includes accumulation of pressure 
above popping pressure of the valve. 


As the diagrams show, the pop is clean and sharp to 
a lift of about 5/16 in. Closing takes place in two steps, 
the final drop being from a lift of about 18 in. If pres- 
sure increases above the pop setting, the valve disc 
jumps to a lift greater than that necessary to develop 
the full-bore nozzle capacity, which is well within the 
3 per cent accumulation limit set by the A.S.M.E. Code. 
With reduction of pressure, closing takes place in two 
steps, the final drop being as before from a lift of about 
1% in. These tests also show clearly that the valve dise 
closes on a steam cushion which eliminates hammer blow 
effect. 

Valves with the original construction described are 
available and have been supplied for operating pres- 
sures up to 1400 lb. Existing Model HN Crosby safety 
valves ean be simply and completely converted to this 
new Model HNA by interposing the cooling spool, sub- 
stituting a longer spring spindle for the old and adding 
a small collar. These valves are made by Crosby Steam 
Gage & Valve Co., Boston, Mass. 
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N.E. L.A. Meets June 3-7 
at Atlantic City 


S A CLIMAX to several other related events, the 

52nd convention of the National Electric Light As- 
sociation will be held at Atlantic City, N. J., from Mon- 
day, June 3, through Friday, June 7. The exhibition 
held in conjunction with the convention was scheduled 
to open on Friday, May 31. Dedication ceremonies of 
the Atlantic City Auditorium were scheduled for the 
same day. Initial celebrations of Light’s Golden Jubilee, 
as well as festivities marking the diamond jubilee of 
Atlantic City, will take place during the convention 
week. 

Programs of the business sessions of the convention 
will include addresses and discussions on regulation, 
industrial development, research, rate making, commer- 
cial opportunities, accounting practices, public relations, 
engineering developments and the Federal Trade Com- 
mission’s investigation of the electrical industry. 

General sessions will be held each morning and meet- 
ings of accounting, commercial, engineering and public 
relations sections are scheduled for the afternoons. The 
general session for Thursday will be in the nature of a 
tribute to Thomas A. Edison. He is expected to appear 
both in person and in a talking movie. Henry Ford will 
also be on the speakers’ platform to do honor to Mr. 
Edison. At this session, the principal speakers will be 
Charles L. Edgar, Thomas H. McCarter, John W. Lieb 
and Berton Braley. 

At the Public Policy session on Thursday evening, 
the Charles A. Coffin award will be presented, there will 
*be addresses by prominent speakers and entertainment ~ 
by Frieda Hempel, soprano, and Albert Spalding, vio- 
linist. The latter part of this session will be broadcast 
by the WEAF Red Network. 

Throughout the convention, music will be provided 
by B. A. Rolfe’s orchestra and there will be dancing 
every evening. <A reception to President and Mrs. Ark- 
wright will be held on Monday evening, June 3. Enter- 
tainment for the ladies attending the convention will 
include a golf tournament at Seaview Golf Club on 
Tuesday, June 4, and a card party on Wednesday after- 


* noon. 


Charles S. Curtis, vice-president of the United 
States, together with the British and Spanish ambas- 
sadors, several senators and congressmen and officials of 
the N.E.L.A. will take part in the formal dedication of 
the Atlantic City Auditorium on May 31. Electrical 
displays by the U.S.S. Wyoming and the dirigible Los 
Angeles have been arranged, as well as airplane ex- 
hibitions. | 

Electrical displays will be specially arranged for the 
occasion so that the entire atmosphere of the city and 
the convention will express the spirit of the electrical 
industry. 


To avow boring holes through a line pole which is 
to be dead-ended, a dead-end sling of preformed wire 
rope has been developed by the American Cable Co. 
Special steel cylinders with eyes attached are slipped 
over the ends of the rope and, by hydraulic pressure, are 


securely locked into the interstices of the rope. The 
sling is wrapped around the pole and the end joined to 
a shackle and copper pin for connection to the guy. 
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Delray 10,000-Kw. Turbine 
to Operate at 1000 Deg. 


UST AS THIS ISSUE was going to press, an article 

was received from J. W. Parker, chief engineer of 
The Detroit Edison Co., describing the features of a 
turbine generator, recently ordered by that company 
for Delray Power House No. 3, to operate with an ad- 
mission steam temperature of 1000 deg. F. 

According to this article, The Detroit Edison Co. 
has placed with the British Thomson-Houston Co., Ltd., 
Rugby, England, a contract for a 10,000-kw., two- 
eylinder, single-shaft turbine generator to operate with 
an admission steam temperature of 1000 deg. F: Inlet 
pressure will be 365 lb. gage, conforming to the boiler 
pressure of Delray Power House No. 3, while the ex- 
haust pressure of 1 in. mercury absolute is that usually 
afforded in plants to which excellent circulating water 
is available. 

It is planned to install the high-temperature turbine 
and its separately-fired superheaters in a corner of the 
boiler room in the new Delray plant, where space has 
been left available by omission of one boiler from the 
first battery in the plant. Steam taken from the main 
superheated steam line at 400 lb. pressure and 725 deg. 
F. will be passed through an oil-fired superheater de- 
signed to deliver a maximum of approximately 83,000 
Ib. of steam an hour; the steam will then pass directly 
to the turbine. 

Mr. Parker’s complete statement will appear in the 
next issue of Power Plant Engineering. 


News Notes 


NatTionaL District Heating ASSOCIATION will hold 
its 20th annual convention at the Hotel Statler, Detroit, 


Mich., from June 11 to 14 inclusive. Reports of the 
various committees will contain discussion of recent 
developments in district heating, plant operation, dis- 
tribution, rates, commercial relations and other perti- 
nent matters. An interesting entertainment program, 
which includes the annual golf tournament, has been 
arranged. Reservations should be made directly with 
the Hotel Statler and further details can be obtained 
from D. L. Gaskill, secretary of the N. D. H. A., Green- 
ville, Ohio. 

Srrone, CARLISLE & Hammonp Co., Cleveland, Ohio, 
has granted exclusive sales rights for its products to the 
following new agents: Moore-Handley Hardware Co., 
Birmingham, Ala.; Bright & Co., Reading, Pa.; The 
Mason Equipment Co., Toledo, O.; Industrial Supplies, 
Ine., Memphis, Tenn.; Nashville Machine & Supply Co., 
Nashville, Tenn. 


Cuicaco Pump Co., 2336 Wolfram St., Chicago, IIl., 
announces the addition of W. T. Morgan to its organ- 
ization. Mr. Morgan was formerly with Goulds Pumps, 
Ine., and will be assigned to the New York office as 
manager of engineering service. 


JOSEPH Dixon CruciB.E Co., Jersey City, N. J., an- 
nounces several important changes in its line of paint. 
Dixon’s Industrial Paints, known as Dixon’s Silica- 
Graphite Paints, have been increased in range of colors 
from 8 to 14 colors to include a straight aluminum paint 
and a standard red oxide paint. Dixon’s Bright Alumi- 
num Paint contains a durable spar varnish as its vehicle 
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to give great resistance to the elements and to insure 
the life and brillianey of the aluminum pigment. 
Dixon’s Utility Paints have been added as standards, 
three of which are graphite-pigmented, the fourth, oxide 
of iron. The paints are made to have all the qualities 
of a good protective coating at a low cost and are de- 
signed for use on general run of work. They are made 
in four standard colors. Dixon’s Maintenance Floor 
Paints have been developed for the protection of wood, 
composition, linoleum, cement and conerete floors, de- 
signed to be immune to the action of alkali and to pre- 
vent dusting of concrete floors. They are intended to 
be used inside or out and to withstand the rigors of 
weather and climatic changes. They are made in eight 
standard colors. 


Borer ENGINEERING Co., Newark, N. J., announces 
that H. A. Woodworth Engineering Co., Suite 313, Cen- 
tral National Bank Bldg., St. Louis, Mo., is its repre- 
sentative for Missouri and southern Illinois. It has also 
appointed Steam Specialty Sales Co., 5 South Church 
St., Charlotte, N. C., H. P. Ackerman, manager, as its 
representative for North and South Carolina. 


Bain & Ross, 2118 Lyndale Avenue, South, Min- 
neapolis, Minn., engineers, have been engaged by the 
Shaft-Pierce Co., Faribault, and a group of other mer- 
cantile concerns, operating a central steam power plant 
for heating service, to prepare plans for an addition to 
present unit, including installation of additional equip- 
ment. Project is reported to cost close to $50,000. 


CenTrRAL ILuinois Pusiic ServicE Co. has been 
authorized by the Illinois commerce commission to pur- 
chase the Smithfield Light and Power Co. and to con- 
tinue public utilities service in that section of Fulton 
County, heretofore served by the Smithfield company. 


NorTHERN Stares Power Co., Minneapolis, Minn., 
is reported considering a new steam-operated electric 
generating plant at Fargo and will carry out surveys 
and preliminary work at an early date. <A site has been 
selected at Second St., near the Red River. Project is 
expected to cost more than $750,000. The Byllesby 
Engineering & Management Corp., 231 South La Salle 
St., Chicago, Ill., is engineer. 

RouueR-SMITH Co., 233 Broadway, New York, an- 
nounces the appointment of J. C. McDougall, Alaska 
Bldg., Seattle, Wash., as its district sales agent 
for the states of Washington, Oregon and Alaska. The 
company also announces the appointment of Jackson 
Brown, Jr., 701 Kittridge Bldg., Denver, Colo., as its 
district sales agent for Colorado, Utah, Wyoming and 
New Mexico. 

JOHNS-MANVILLE Corp., 292° Madison Ave., New 
York City, announces the acquisition of the United 
States and Canadian rights to manufacture and sell 
transite pipe, a seamless pipe made of asbestos and 
cement, under the patents of the Eternit Pietra Arti- 
ficiale, Societe Anonima, of Genoa, Italy. While entirely 
new to America, it is stated, this pipe has been in use 
in Europe for a number of years under various condi- 
tions of soil and for a great variety of purposes. It 
will be manufactured by Johns-Manville Corp. in five 
general classes: one class of light weight pipe for flue 
piping and exhaust stacks and four pressure classes to 
earry liquids at working pressures of from 40 to 225 lb. 
per sq. in. The flue pipe, it is stated, is not affected by 
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the ordinary stack temperatures and is especially adapt- 
able to the venting of house heating boilers and auto- 
matic water heaters and for chemical service. The pres- 
sure pipe is designed for delivery of hot or cold water, 
brine and various process liquids and solutions under 
pressure. It is reported that a number of foreign cities 
have used it for gas distribution. The process for 
manufacturing this pipe is designed to produce a dense, 
close grained material which, it is claimed, can be read- 
ily cut, tapped or threaded with the same tools and in 
the same manner as iron pipe. Its weight is stated to 
be from 50 to 65 per cent less than cast iron or steel 
pipe. Especially designed machinery for its manufac- 
ture is now being built in Italy and two complete units 
with a capacity of 2,000,000 ft. of pipe per year will be 
soon be installed at the Waukegan, Ill, plant of the 
Johns-Manville Corp. The pipe will be made in sizes 
from 2 in. to 40 in. 


ConTRACTs have been placed with the Allis-Chalmers 
Manufacturing Co., Milwaukee, Wis., covering equip- 
ment for the extension of the Waukegan Generating 
Station of the Public Service Co. of Northern Illinois, 
Sargent & Lundy, Inc., Engineers, including a 65,000- 
kw. tandem steam turbine-generator unit with con- 
denser, circulating water pumps and condensate pumps. 
Unit No. 4 will be rated 65,000 kw., tandem-compound 
with one generator and will be similar to the 50,000-kw. 
unit No. 3 except it will be arranged for boiler reheat. 
The operating conditions are 600 lb. steam pressure, 725 
deg. F. total steam temperature and 29 in. vacuum re- 
ferred. The electrical end is 60-cycle, 3-phase, 12,000 v., 
and includes a 250-v. direct connected exciter. Con- 
denser equipment consists of a 63,000-sq. ft., oval sec- 
tion, two-pass surface condenser; two 42-in. by 36-in. 
vertical circulating water pumps, having a capacity of 
37,500 g.p.m. each driven by 250-hp. two-speed ver- 
tical squirrel cage motors; two 10-in. by 5-in. two-stage 
centrifugal condensate removal pump units, capacity 
1200 g.p.m. each, driven by 150-hp. motors; two Croll- 
Reynolds twin evactor three-stage steam jet air pumps. 


ForMATION OF International Hydroelectric System 
as a Massachusetts voluntary association, has been re- 
cently announced. The new company, of which A. R. 
Graustein is president, will own directly over 82 per 
cent of the outstanding common stock of New England 
Power Association and the entire common and second 
preferred stocks of Canada Hydroelectric Corp., Ltd. 
Through these subsidiaries, the new company will con- 
trol one of the largest groups of hydroelectric properties 
in the world, it is stated. 


CHASE Co., 43 Exchange Place, New York City, act- 
ing as agents for the Industrial Institute, Inc., 26 Court 
St., Brooklyn, N. Y., has completed negotiations with 
the City of Toms River, N. J., to transfer 50 acres of 
land for the establishing of a training school for the 
practical education of men in Diesel engineering for 
land and marine and aviation services and for other 
courses in engineering. The project is sponsored by 
Julius Rosbloom and his associates include a number 
of engineers intimately concerned with Diesel engine 
work. 

New ENGuAND Power AssociATION, Boston, Mass., 
has concluded negotiations for the purchase of the Fall 
River Electric Light Co., Fall River, Mass., and will 
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consolidate with its organization. It understood that 
purchasing company will carry out an expansion and 
betterment program in the Fall River district, includ- 
ing transmission line construction to connect with main 
system. The Eastern Utilities Association, operating 
the Blackstone Valley Gas & Electric Co., Pawtucket, 
R. I., is interested in the acquisition of the Fall River 
property and will furnish certain power service to that 
vicinity in the future in connection with its ownership of 
the Montaup Electric Co., Somerset, Mass. The New 
England Power Association also operates properties at 
Worcester, Lowell, Lawrence, Webster and South- 
bridge, Mass., and owns a controlling interest in the 
Narragansett Electric Light Co., Providence, R. I. 


Micuigan VALvE & Founpry Co., P. O. Box 822, 
Detroit, Mich., has inaugurated a new service whereby 
technical advice is made available to those in charge of 
projects involving water supply and distribution, drain- 
age and sewage works, particularly where piping is an 
important factor. Administration of this service has 
been placed in charge of Eldon S. Clark, who has been 
associated with many important projects of this type 
for such companies as Barrows & Breed, Stone & 
Webster, Inc., and Metealt & Eddy. 


GENERAL Eectric Co. sales billed for the first 3 
mo. of 1929, announced by President Gerard Swope, 
amounted to $83,385,015.49, compared with $71,640,- 
790.40 for the corresponding period last year, an in- 
crease of 16 per cent. Profit available for dividends on 
common stock for the first quarter of 1929 was $13,862,- 
298.06, compared with $11,261,842.71 for the corre- 
sponding 3 mo. last year. The profit available for com- 
mon stock for the quarter is equivalent to $1.92 per 
share in 1929 and $1.56 per share’ in 1928. Orders 
received during the first quarter of 1929 amounted to 
$101,365,208, compared with $79,925,840 for the cor- 
responding quarter last year, an increase of 27 per cent. 


WiuuiaM EvGene KEILeEY, writer and editor, known 
especially during the last few years in the public utility 
field, died early on April 23 at the Hotel Webster, Chi- 
cago, Ill., following a three-day attack of angina pec- 
toris. From 1891 to 1908, Mr. Keiley was associate and 
later managing editor of the Western Electrician in 
Chicago and from 1909 to 1914 was western editor of 
the Electrical World. Since that time, he has been 
with the Commonwealth Edison Co. and other Chicage 
utilities. 


Des Moines VALLEY Power Co. has been issued 
permit to operate in Iowa and Frank Maher, president, 
announced that preliminary plans for the hydroelectric 
plant at Kalo have been completed. 


Epwarp VatveE & Manuracturine Co., East Chi- 
cago, Ind., is now represented in Baltimore, Md., by 
D. C. Elphinstone, Inec., 120 S. Calvert St. 


Marquette CEMENT Mre. Co., Marquette Building, 
Chicago, Ill., plans installation of power equipment in 
connection with proposed extensions and improvements 
in mill at Cape Girardeau, Mo., entire project reported 
to cost more than $350,000. 


STEAM POWER PLANT is projected in connection with 
a proposed cotton mill to be constructed at New Braun- 
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fels, by James McDowell, City National Bank Building, 
San Antonio, Texas, and associates. A company, it is 
understood, is being organized to carry out the enter- 
prise, which is reported to cost more than $500,000. 

UniTEp States Civi SERVICE COMMISSION announces 
an open competitive examination for mechanical engi- 
neer, applications for which must be on file with the 
commission at Washington, D. C., not later than June 
19, to fill vacancies in the position of Chief of Mechan- 
ical Service, U. S. Penitentiary Service, Atlanta, Ga., 
and Leavenworth, Kansas, and vacancies occurring in 
positions requiring similar qualifications. Entrance 
salary is $3800 a year. Higher-salaried positions are 
filled through promotion. Competitors will not be re- 
quired to report for examination at any place but will 
be rated on their education, experience and fitness. Full 
information may be obtained from the United States 
Civil Service Commission, Washington, D. C., or, at the 
post office or customhouse in any city. 

MacLaren Fir Co., Buckingham, Que., has approved 
plans for the immediate construction of a hydroelectric 
power plant on the Lievre River, near High Falls, for 
lumber mill, logging, and other power service, reported 
to cost close to $10,000,000 with transmission lines. 

Ciry Councin has approved a franchise for the Mu- 
nicipal Utilities Co., Liberty Building, Des Moines, 
Iowa, covering the construction and operation of a local 
electric light and power plant and it is understood that 
project will proceed at an early date, reported to cost 
in excess of $60,000. 

PRAIRIE DU CHIEN WooLeN Miuu Co., Prairie du 
Chien, Wis., has asked bids on general contract for ex- 
tensions and improvements in boiler house and power 
plant, reported to cost about $75,000, with equipment. 
Charles A. Cahill & Sons, 214 Mason St., Milwaukee, 
Wis., are engineers. 


Books and Catalogs 


ANTHRACITE Sizes FoR Domestic Us, by R. H. 
Fernald; published by the Mechanical Engineering De- 
partment, Towne Scientific School, University of Penn- 
sylvania, Philadelphia, Pa.; 74 pages. 

Results of an extensive investigation to determine 
the relative economic values of various types of fuel 
for house heating and cooking arrangement. The results 
are of interest to the power plant operator as showing 
the advantages of sized coal. From the standpoint of 
excellence of general performance, uniformity of com- 
bustion, ease of fire control, freedom from clinkering, 
ease of fire cleaning and general high efficiency, the 
anthracite mixture, 80 per cent chestnut and 20 per cent 
pea, took first rank of the fuels tested. 

ELEMENTARY DIFFERENTIAL Equations, by Thornton 
C. Fry; published by D. Van Nostrand Co., Inc., 8 
Warren St., New York City; 9 chapters, 241 pages; 
price, $2.50. 

Evolved through several out-of-hour courses of the 
Bell Telephone Laboratories, this book is well suited for 
students of engineering and those who desire to review 
the subject. Technical illustrations and applications 


are numerous and in order to avoid the possibility of 


the student passing over without the deeper understand- 
ing of principles, this practical material has been col- 
lected into separate chapters. 


ENGINEERING 


673 


SerIAL Report ON CoaL AND AsH HANb.LING for 
March, 1929, has just been issued by the Prime Movers 
Committee, Engineering National Section of the Na- 
tional Electric Light Association, 420 Lexington Ave., 
New York City. During the past year, the report states, 
probably the most notable development in the handling 
of coal and ash has been the introduction of the molten 
slag method of removing pulverized fuel ash from the 
furnace. Two member companies report the successful 
adoption of such a system of ash removal. For stoker- 
fired boilers, one member company gives complete main- 
tenance cost for various types of ash hoppers and gates. 
Two statements are presented showing new coal han- 
dling equipment and two member companies give data 
on the commercial disposal of ash. A complete test is 
reported on a new coal distributor spout and a state- 
ment made regarding its operation. Use of the drag 
scraper system for storing coal is steadily growing, 
according to this report. Statements from five manu- 
facturers are given, covering, among other items, a 
motor-operated ash gate and a new vestibule-type ash 
hopper. Problems to be studied by the committee are 
as follows: further developments in handling pulver- 
ized fuel ash as molten slag; the removal of ash dust 
from flue gas by electrical precipitators and other 
methods; the commercial disposal of ash; and new de- 
signs of coal and ash handling equipment. A brief 
bibliography is included. 

ILLINOIS Coat, by A. Bement. Published by the 
State of Illinois, Department of Registration and Edu- 
cation; 112 pages. 

Published as bulletin No. 56 by the division of the 


State Geological Survey, this is a non-technical account 
of the occurrence, production and preparation of Illinois 
coal and has been prepared primarily for the public 


rather than for the technical miner. It is written in 
an interesting manner, well illustrated by photographs, 
maps and drawings, and should prove of interest to all 
engineers interested in the utilization of Illinois coal. 


Heat TRANSFER IN AMMONIA CONDENSERS. By 
Alonzo P. Crafts, Horace J. MacIntyre, Richard E. 
Gould; published as bulletin No. 186 by the Engineering 
Experiment Station, University of Illinois, Urbana, Il. ; 
26 pages; price, 20 cents. 

This bulletin is a continuation of Bulletin No. 177 
which dealt with the performance of three different 
types of ammonia condensers. The present bulletin 
comprises the study of effect of certain changes in the 
condenser surface of the vertical shell and tube con- 
denser and an extension of the investigation of the heat 
transfer in the double pipe superheat remover used in 
connection with previous tests in the shell and tube 
condenser. 


AmericAN Society oF Heating & VENTILATING 
ENGINEERS GuIpe, 1929, Seventh Edition; 844 pages, 6 
by 9 in., cloth; published by American Society of Heat- 
ing & Ventilating Engineers, 29 W. 39th St., New York 
City; price, $5.00. 

This is the seventh consecutive annual edition of the 
Guide. During the year, improvements have been rapid 
in heating and ventilating so that this edition contains 
many new chapters and many new catalog data from 
manufacturers. <A variety of subjects is covered in the 
34 chapters, particular attention being called to the 
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amplified information on heat losses from buildings, 
radiators and heaters, steam heating systems and piping, 
heating boilers, ventilation standards, methods of dry- 
ing, natural ventilation and so on. New chapters have 
been added on chimneys, fan furnace heating, central 
heating systems, heat exchangers, laundry, kitchen and 
hospital equipment and fans for heating and venti- 
lating. 

Much of the information contained in previous issues 
of the Guide has been rearranged and revised and, of 
course, as time goes on, some of this information must 
be modified in the light of the latest discoveries. This 
is a point that engages the careful attention of the Guide 
Publication Committee, so that the user of the Guide 
may feel confident that on any subject he is reading the 
latest and most authoritative information that is avail- 
able. 

Typical examples, tabulations of data, and use of 
graphical methods make the Guide especially convenient 
for the operating engineer as well as for the designer. 
In short, we reiterate our previous recommendation as 
to the Guide; namely, that it is by far the most authori- 
tative and usable treatment of the subject of heating 
and ventilating engineering that can be obtained at the 
present time. 


Super Service is the title of a 56-page illustrated 
bulletin issued by Foltz Furnace Co., Chicago, Ill. This 
bulletin is designed to aid the engineer in the solution 
of combustion problems and shows how this solution is 
attained by the use of the Foltz combustion system. 
Diseussion is first given of the fundamentals of com- 
bustion and the Foltz combustion system is then de- 
seribed. The chief feature of the system is to separate 
the furnace air supply at its common source into two 
relative portions. One portion of this air at climatic 
temperature passes up through the grate and fuel body 
and the other portion is bypassed around the grate 
through heated regions and discharged in a preheated 
state over and above the fuel body to mix with the 
gases there. This second portion of the furnace air 
supply is caused to flow through air conduits encased in 
the walls of the furnace. These are designed to carry 
the proper quantity of air to support the complete com- 
bustion of all the gases and the quantities of air flow 
both through these conduits and through the grates and 
fuel body are properly proportioned to the thickness 
of the fuel body, rate of combustion and temperature of 
the furnace. The bulletin presents many results of 
tests on furnaces using this system of combustion and 
shows many photographs and drawings of actual instal- 
lations that have been made. 


COMPLETE BIBLIOGRAPHIES on various phases of the 
subject and a brief synopsis of present knowledge of 
the radiation of heat are included in the minutes of the 
Conference on Heat Transfer by Radiation by the Com- 
mittee on Heat Transmission of the National Research 
Council, 40 West 40th St., New York City. 


SERIAL Report on Specifications of the Prime Movers 
Committee, Engineering National Section of the Na- 
tional Electric Light Association, has just been issued 


for April, 1929. The purpose of the work of the Spec- ° 


ifications Subeommittee is to formulate general specifi- 
eations for the major items of power plant equipment 
in order to assist the specification writer in producing 
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specifications which will clearly describe the equipment 
wanted and the performance expected of it under given 
conditions. It is recognized that inflexible standards 
cannot be set up to apply in all cases. The object of 
this report, therefore, is to furnish suitable forms to 
aid the specification writer in assuring that his spec- 
ification will completely cover the material with a mini- 
mum of effort. 

Previous reports covered general outline and stand- 
ard forms for boilers, surface condensers, stokers, and 
many boiler accessories, as well as turbine generators, 
condensers and turbine generator accessories. The 
present report covers a general outline and standard 
forms for air preheaters, closed heaters and deaerating 
equipment. In addition to these, the subcommittee has, 
upon request, included in the present report, material 
on several related subjects of special interest to the 
specification writer or purchaser. This additional mat- 
ter includes a form for analysis of proposals, an index 
of generally accepted standards and lists of reports of 
investigations. Copies of the reports may be obtained 
from National Electric Light Association, 420 Lexing- 
ton Ave., New York City. 

For THOSE wishing machine parts and commercial 
forms of nickel alloy steel, the International Nickel Co., 
Inc., 67 Wall St., New York City, has issued a conven- 
ient buyer’s guide giving a list of such products and 
firms from which they may be obtained. Some of the 
headings, of interest to power plant managers are, roller 
bearings, bolts and nuts, connecting rods, crankshafts, 
forgings, gears, boiler plates, rivets shafting, staybolts, 
boiler tubes, turbine blading and valves. 


Type K UnprrFreep Stoker for boilers up to 200-hp. 
is described and illustrated in Catalog K-2 issued by 
the Combustion Engineering Corp., 200 Madison Ave., 
New York City, and the details of construction are 
shown by photographs and drawings, also the applica- 
tion of the stoker to various types of boilers. The 
results of an evaporative test are also given in the 
catalog. 

Huser SToKers, type AH, are completely described 
and illustrated in a recent bulletin, No. 903, by Flynn 
and Emrich Co., Baltimore, Md. 

NICHOLSON FLEXIBLE COUPLING, which is an all metal, 
lubricated coupling, with case-hardened wearing parts, 
is completely described and illustrated in bulletin No. 
329, recently published by W. H. Nicholson & Co., 12 
Oregon St., Wilkes-Barre, Pa. 

THREADLESS CONDULETS, Couplings and Connectors 
are described in Bulletin No. 2126 by Crouse-Hinds Co., 
Syracuse, N. Y. 

TRAHERN Rotary Pumps of hand and power types 
for all purposes are described in catalog 54 by Geo. D. 
Roper Corp., Rockford, Ill. 


INSTRUCTIONS FoR Mixine and Application of Enco 
Baffle Material are contained in a four-page folder 
known as bulletin EB-428, sent out by The Engineer 
Co., 17 Battery Place, New York City. 

Book, No. 1167, a 38-page catalog showing detailed 
specifications of the 15,000 sprocket wheels it now ear- 
ries in stock, has just been issued by Link-Belt Co., 910 
S. Michigan Ave., Chicago, Il]. This boox will be sent 
on request to anyone interested. 
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